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ABSTRACT

J579%% Tha Ll e

An experimental program has been conducted in the 20-in. Super-
sonic Wind Tunnel at the Jet Propulsion Laboratory (JPL) to study
the interaction effects produced when liquid or gaseous nitrogen is
injected in a direction perpendicular to a supersonic stream on a flat

plate. The tests provided useful information about the effects of free-

stream Mach number, free-stream Reynolds number, and injection
pressure on the shock structure and pressure distribution induced on
the plate by the injection process. Pressure distributions in the injector
region, schlierens, spark shadowgraphs, and motion pictures provided
details about the flow interaction, which should assist in the develop-
ment of more meaningful analytical models of secondary injection.

/2 A2

I. INTRODUCTION

An experimental program has been conducted at the
Jet Propulsion Laboratory (JPL) to investigate the inter-
action effects produced when a liquid or gas is injected
in a direction perpendicular to a supersonic stream. The
program was initiated to gain a better understanding of
the side-force generation mechanisms associated with the
injection of a secondary fluid into the expansion cone of
a solid-propellant rocket nozzle for thrust-vector control.

Various organizations have devoted considerable effort
to obtaining side-force data for specific rocket motors
utilizing secondary injection for thrust-vector control.
These efforts, with few exceptions, have placed little
emphasis on obtaining the type of data needed for defin-
ing the mechanism producing the side-force. A notable
exception is the work of Newton and Spaid (Ref. 1) at
JPL where nozzle-wall pressure distributions in the in-
jector region were obtained during rocket motor firings.

The present series of tests were conducted in the 20-in.
Supersonic Wind Tunnel at JPL. Liquid and gaseous

nitrogen were injected perpendicularly to a supersonic
stream on a flat plate. The purposes of the tests were to
determine the effects of free-stream Mach number, of
free-stream Reynolds number, and of injection pressure
on the shock structure and pressure distribution induced
on the plate by the injection process.

The primary data obtained were in the form of pres-
sure distributions in the injector region. Schlierens and
spark shadowgraphs were made for each run, and much
information about the injectant body and shock structure
was obtained from the pictures. Motion pictures (at 500
frames/sec) were made for a few selected liquid nitrogen
runs to determine the steadiness of the flow disturbance.

A few liquid nitrogen runs were made using an im-
pinging jet injector to determine what effect the in-
creased atomization in the injector region would have on
the nature of the disturbance created. The majority of
the liquid nitrogen runs and all of the gaseous nitrogen
runs were made using a single hole injector perpendicular
to the plate surface.
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Il. DESCRIPTION OF EXPERIMENTS

A. Flat Plate Design

An 18 X 17.5-in. flat plate, 0.5-in. thick, was designed
and fabricated from 321 stainless steel. Support for the
plate was provided by two supporting struts running
from the tunnel floor, and by a windshield support at
the rear of the plate. A photograph showing the flat plate
installed in the 20-in. Supersonic Wind Tunnel test sec-
tion is given in Fig. 1.

Fig. 1. Flat plate installation

A slotted hole was provided in the plate to allow two
different injector inserts to be used. The injector station
was located 7 in. from the leading edge of the plate. A
trip wire 0.020-in. D was located 0.060 in. from the lead-
ing edge of the plate to increase the boundary-layer tur-
bulence at the injector station.

The flat plate was instrumented with 96 pressure taps
and 25 thermocouples. The pressure taps were closely
spaced on the plate centerline and in one quadrant up-
stream of the injector. Five radial rows of pressure taps
spaced 2214 deg apart gave a good representation of the
pressure distribution forward of the injector. The radial
rows of pressure taps are designated A through F, begin-
ning with the upstream row (Fig. 2). The 25 chromel-
constantan plate thermocouples were located near the
plate centerline and on one radial line from the injector

in a direction perpendicular to the plate centerline
(Fig. 3).

2

PLATE CENTERLINE

(S
_T

A ROW

=y
2N
o‘

FLOW DIRECTION

i

2 1/2in.

.q;
®
(o] o
Ooo
\m
3
0\ é
o
)
[e]
s

o
o
o
o
o
3 o

13/4in. nS & o D ROW
8 & o
o o

1/4 § 8 & o ©

in. o o 0©
o O’

S0 00
- - } 000000000 O O O O-O E ROW

o

1/8 1/4
2 in: 3/ain K83 in: n
*_’:‘n. 8 |=lin. »Fl 1/4 in."

o

lin. o
OPENING g
FOR INJECTOR e rOW
INSERT Lb
172
e

o
o
o

o

[
Fig. 2. Pressure tap locations on flat plate

B. Injection System

A 2600-gal, spherical Linde liquefied gas storage tank
was used to supply pressurized liquid nitrogen to the
injector. The liquid nitrogen storage tank was filled and
then vented to the atmosphere for 12 hr prior to each
day’s test to insure saturated liquid nitrogen at atmos-
pheric pressure in the supply tank. After venting, the
supply tank was pressurized to approximately 175 psi.

Two by-pass lines were provided in the supply system
outside the tunnel test section to decrease the piping
cool-down time. An additional by-pass was provided in
the tunnel test section by a solenoid valve located near
the injector. The solenoid valve was left open upon start-

—
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Fig. 3. Thermocouple locations on flat plate

ing the injection process to allow sufficient flow rate to
rapidly cool the injection supply lines within the tunnel.
After sufficient cooling of the lines, the solenoid valve
was closed, forcing the total flow through the injector
opening. A schematic diagram of the supply system used
for the liquid nitrogen runs is given in Fig. 4.

The injection temperature and pressure were measured
in the plenum immediately upstream of the injector.
From the vapor-pressure curve for nitrogen, the tempera-
ture and pressure readings are sufficient to indicate
whether or not zero quality liquid nitrogen exists in
the plenum.

The two injector inserts used in these tests are shown
in Fig. 5. The single hole injector was 0.100 in. in diam-
eter with a length-to-diameter ratio of one. The cross-
sectional area of the plenum was approximately 12 times
the injector area. The impinging jet injector utilized two
holes, 0.070-in. in diameter, inclined at 30 deg to the
plate surface.

The liquid nitrogen supply lines from the storage tank
to the wind tunnel test section were covered with thick
foam insulation to reduce the heat input to the liquid
nitrogen. Within the wind tunnel test section, the low-
density air was assumed to provide sufficient insulation;
however, the liquid nitrogen supply lines were shielded
from the high-speed air flow by a windshield arrangement.

GASEQOUS LOCATED | LOCATED
NITROGEN OUTSIDE | WITHIN
SUPPLY GN, WIND TUNNEL WIND TUNNEL
TO ATMOSPHERE TEST SECTION | TEST SECTION
[
EXPANSION |
colL |
plg ol '
|
I
X‘ !
|
i |
>——plg Dl kg {>T<,L] > TO
‘—r" | PLENUM
FLOW METER I
| S TO
LIQUID l SOLENOID
LN, NITROGEN | BYPASS
SUPPLY TANK VALVE
|

Fig. 4. Liquid nitrogen supply system
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Several seal problems appeared because of the cryo-
genic temperatures of the injectant fluid. Flange joints
with standard Parker #2-14 neoprene O-rings were found
to provide good seals when the O-rings were under 80%
compression (the compressed height of the O-ring was
20% of the uncompressed O-ring diameter). An insulat-
ing spacer was used between the solenoid valve and the
remaining supply lines to reduce the heat flow from the
valve to the injectant fluid. Initially, the spacer was made
of Teflon; however, preliminary tests indicated the Teflon
was unable to maintain an adequate seal at liquid nitro-
gen temperatures. A change in material from Teflon to
nylon produced a satisfactory seal for the duration of
the tests.

The gaseous nitrogen supply system used was consid-
erably simpler than the liquid one. The gas was piped
directly from the gaseous nitrogen supply through a con-
trol valve to the injector plenum.

C. Instrumentation and Data Reduction

Thin-walled 1/16-in. D stainless steel tubing was used
from the pressure taps to a point outside the wind tunnel.
Short lengths of flexible tubing connected the stainless
steel tubing to the multi-pressure measuring system
{(MPMS), which is a 100-port pressure scanner. The pres-
sures to be measured are connected to the lower plate or
stator of the MPMS. There is an O-ring in the stator plate
surrounding each pressure input tube. The upper lapped
plate or rotor which contains the transducer is rotated
with respect to the stator to bring the transducer in con-
tact with each pressure input tube. There is an external
adjustment of the load on the O-rings to prevent leakage
between pressure ports. The entire assembly is covered
with an evacuated dome providing evacuation of the
transducer prior to each pressure reading. A vacuum ref-
erence, an atmospheric reference, and the dome pressure
were included in the MPMS data scan. The MPMS scan-
ning rate was 6 ports/sec (after a short settling time
before the scan).

A 5-psia Statham transducer was used in the MPMS
for most of the runs to obtain the necessary sensitivity;
however, a 15-psia Statham was used for runs made at
low Mach numbers and high tunnel pressures to provide
the pressure range needed.

The outputs of the 25 chromel-constantan plate ther-
mocouples were read by a slow speed thermocouple
scanner and recorded by the main data scan for each
run/point.

The injection temperature and pressure were meas-
ured in the plenum immediately upstream of the injector
opening. The injection pressure was measured with a
500-psia Statham transducer and recorded during the
main data scan. The chromel-constantan thermocouple
for measuring the injection temperature was covered
with nylon insulation and held in position by a metal clip.

Prior to the test, the two injectors were water-calibrated
to determine the flow characteristics of each. Corrections
were made for the differences in properties of liquid
nitrogen and water to obtain calibration curves for liquid
nitrogen. Realizing that cavitation would occur in the
injector and introduce errors in the flow measurement
because of the low tunnel static pressure, a SPACO
Model R3/8-3] turbine flowmeter was installed in the
supply system outside of the tunnel test section.

Care was exercised in starting the flow through the
turbine flowmeter to prevent vaporization from damag-
ing the flowmeter by overspeeding; however, the flow-
meter was damaged two times during the series of tests.
The damage was attributed to ice formation in the supply
system upstream of the flowmeter. The source of the
moisture is not known at present.

It is interesting to compare the flow rate which was
measured by the turbine flowmeter during the test with
the flow rate which was calculated using the injector
calibration. The maximum pressure observed on the
centerline pressure distribution for each run/point was
used as the exit pressure encountered by the liquid jet
upon entering the free stream. The pressure drop through
the injector and the injection temperature were used to
obtain a flow rate from the calibration curve. A compari-
son of the flow rates obtained by the two methods is
given in Table 1 for the runs in which the turbine flow-
meter was in operation. Notice that the flow rate meas-
ured by the turbine flowmeter was always less than the
flow rate predicted by the calibration curve, indicating
that the expected cavitation was occurring in the injector.
The amount of cavitation occurring should be indicated

Table 1. Liquid nitrogen flow rate comparison

Aw Pexit
Run we Wim Aw X 100
W P vp
6 0.238 0.224 0.014 5.9 0.294
0.244 0.225 0.01¢9 78 0.152
15 0.227 0.201 0.026 11.4 0.026
14 0.213 0.166 0.047 22.0 0.014
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by the ratio of the exit pressure to the vapor pressure,
which corresponds to the injection temperature. Lower
values of this ratio of exit pressure to vapor pressure
should result in greater amounts of cavitation and larger
deviations in actual and calculated flow rates. This result
is shown in the data and must be considered when flow

rates are estimated for the runs made without the turbine
flowmeter in operation.

The flow rate for the gaseous nitrogen runs was ob-
tained from a calibration of the injector which used
gaseous nitrogen.
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ll. TEST RESULTS FOR LIQUID NITROGEN INJECTION

A. General Considerations

The vapor pressure curve for nitrogen is given in Fig. 6.
The range of maximum observed pressures from the
centerline pressure distributions is shown on this curve.
Upon injection into the supersonic stream, the liquid
nitrogen enters a region of low pressure, giving rise to
the possibility of flash vaporization occurring.
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Fig. 6. Vapor pressure curve for nitrogen

Flash vaporization occurs when a liquid is suddenly
brought into a region of low pressure where the liquid
temperature exceeds the equilibrium temperature which
corresponds to the surrounding pressure. This sudden
drop in pressure causes the liquid to boil rapidly, produc-
ing large amounts of vapor. The latent heat of vaporization
is supplied by the liquid itself since flash vaporization

occurs so rapidly that there is little time for heat transfer
from the surrounding medium.

To place an upper limit on the percentage of liquid
nitrogen which could be vaporized by flash vaporization
for the conditions of these tests, an approximate calcula-
tion was made using a constant enthalpy model with the
assumption that thermal equilibrium was realized upon
completion of the flashing process. The equation govern-
ing such a process is given by

x hlao =1 =x)c, (s — t) 1
where
x percentage flash vaporization
heat of vaporization at surrounding pressure
c, average specific heat between ¢, and ¢,
t. injectant temperature

t, equilibrium temperature corresponding to
the surrounding pressure

The maximum possible percentage flash vaporization
varied from 9% for the higher exit pressures to a maxi-
mum of 15% for the lower exit pressures.

A discussion of the main trends observed for liquid
nitrogen injection is given in this Section, and most of
the liquid data is included in Appendix A.

B. Visual Data

Visual data in the form of schlierens and spark shad-
owgraphs were obtained for each run/point, and much
information about the injectant body and shock structure
resulted from these pictures.

Figure 7 shows a comparison of the spark shadowgraphs
for Run 8 at a Mach number of 2.01, a tunnel total pres-
sure of 75 cm Hg, and a Reynolds number per inch of
approximately 0.293 X 10°. The effect of injection pres-
sure. is noticeable from this comparison. For the higher
injection pressures, the liquid nitrogen jet penetrates
further into the free stream, and the main body of the jet
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RUN  8-3
£ /Pr=550

RUN 8; M=20l; Pr=75cm Hg; Re/£ =0.293 x10® in.~!

RUN 8-2
P /Pr =789

Fig. 7. Comparison of shadowgraphs for LN, injection at M = 2.01

remains away from the wall downstream of the injector.
There is no noticeable difference in the separation dis-
tance forward of the injector as a function of injection
pressure. The main curved shock produced by the in-
jectant body splits into a A-shock structure near the plate
surface. The downstream slip line associated with the
A-shock structure is visible emanating from the junction
point of the main shock and the A-shock.

Figure 8 shows a comparison of the spark shadowgraphs
for Runs 10 and 12 at a Mach number of 3.26, a tunnel
total pressure of 152 cm Hg, and a Reynolds number per
inch of approximately 0.298 X 10°. The injectant body is
much larger and has a more ragged appearance than the
injectant body for lower Mach number runs. The ragged
injectant body produces an irregular shock shape, making
it impossible to identify a A-shock structure forward of

the injector; however, there is a forward shock associated
with the separation region. The injectant body size again
increases with injection pressure.

A comparison of the spark shadowgraphs for several
runs with a ratio of injection pressure to tunnel total
pressure of approximately 3.50 is given in Fig. 9. A com-
parison of Runs 8-5 and 6-2 gives an indication of the
effect of free-stream Reynolds number. The run with the
lower free-stream Reynolds number produced a larger
disturbance and a greater separation distance forward of
the injector. Runs 6-2, 4-2, and 10-2 are for the same
tunnel total pressure and different free-stream Mach
numbers. The higher Mach-number flows produced larger
injectant bodies and larger separation zones; however,
part of this change in the disturbance is attributable to
the different free-stream Reynolds numbers for these
run/points.

—
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RUN 12-2
B /Pr=259

RUN 12-3
B/Pr=5.16 |

Fig. 8. Comparison of shadowgraphs for LN, injection at M = 3.26

C. Pressure Data

The pressure distribution for Run 4-3 is given in Fig.
10. The radial rows are lettered according to the key in
Fig. 2. The local plate pressure is nondimensionalized by
dividing it by the free-stream static pressure. The pres-
sure disturbance is seen to spread considerably more to
the side of the injector than forward of the injector, pro-
ducing an elliptical disturbance region forward of the
injector. The pressure peak shown on the centerline
pressure distribution is the first peak pressure associated
with a turbulent separation. The final pressure rise is
not seen since no pressure taps were located closer than
0.25 in. to the injector. A comparison of the pressure
distribution and the visual data for the run/point indi-
cates the final pressure rise should be less than 0.25 in.
from the injector. Notice a decrease in the peak pres-

sures observed in passing from the centerline distribu-
tion forward of the injector to the distribution in radial
row E.

The centerline pressure distribution downstream of
the injector shows an excess pressure for some distance
downstream, which is typical of liquid injection runs.
The break-up of the jet and vaporization of the liquid
produces this excess pressure distribution. At higher
injection rates and for higher free-stream Mach numbers,
the liquid jet penetrates into the free stream to some
extent before atomization and vaporization occur, and
a subnormal pressure region is observed on the plate
immediately downstream of the injector. Subsequent
vaporization produces an excess pressure further down-
stream. Probably a small, subnormal pressure region
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RUN 8-5

M= 20l

Pr= 75 cm Hg
Re/¢ = 0293108 in”!
B/Pr = 3.52

INJECTION PRESSURE; RATIO FA;/Pr = 3.50
- ; -~

RUN 4-2

= 26l
Pr =152 cm Hg
Re/.£ = 0432x10%in”"!
B /Pr =335

RUN 6-2

M= 20

Pr=152 cm Hg
Re/ £ = 0557108 in”!
F/Pr=3.44

exists downstream of the injector in all cases; however,
pressure data sufficiently close to the injector was not
obtained to verify this.

Figure 11 shows the pressure distribution for Run 12-1.
The trends observed are similar to those mentioned pre-
viously for Run 4-3. For this particular run/point, there
is a region of reduced pressure gradient in the turbulent
separation zone. The final peak pressure rise decreases
in passing from the distribution forward of the injector
to the distribution in radial row E.

A plot of separation distance versus the ratio of injec-
tion pressure to tunnel total pressure P;/P; is shown in
Fig. 12. The separation distance shown here is defined
as the distance from the injector to the point forward
of the injector where the local pressure rises above the

10

RUN 10-2
M= 326
Pr= 152 cm Hg

Re/£ = 0.297x10%in.”!
B /Pr=3.44

Fig. 9. Comparison of shadowgraphs for LN. injection with P;/P, =~ 3.5

tunnel static pressure as measured from the centerline
pressure distributions. No detectable change in separa-
tion distance with P;/P; was observed for Runs 4 and 6,
possibly because of the smallness of the disturbance. A
comparison of Runs 6 and 8 indicates an increase in
separation distance with a decrease in tunnel total pres-
sure for a constant Mach number. The data for Runs 10
and 12 show that the separation distance passes through
a maximum value for P;/P; =~ 2.5 and then starts de-
creasing for further increases in P;/P;. If the disturbance
area forward of the injector is plotted versus P;/P; for

Runs 10 and 12, the area passes through a maximum for
P;/P, = 2.5, also.

For liquid injection, a region of excess pressure exists
downstream of the injector. The length of this down-
stream overpressure region is shown plotted versus the

—
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ratio of injection pressure to tunnel total pressure P;/P;
in Fig. 13. The length of the downstream overpressure
region is defined as the distance from the injector to the
point downstream where the local pressure decreases to
the free stream static pressure. The data for most runs
exhibit maximum points for various values of P;/P;.

The excess pressures in one forward quadrant were
numerically integrated to get an indication of the in-
duced force in that region. The integrated pressures for
one forward quadrant are plotted versus the ratio of in-
jection pressure to tunnel total pressure P;/P; in Fig. 14.
No noticeable differences in integrated pressures were
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Fig. 10. Typical pressure distribution for LN,
injection at M = 2.61

found for Run 6 because of the small size of the disturb-
ance. A comparison of Runs 6 and 8 for a Mach number
of 2.01 shows a higher integrated pressure for Run 8§,
which has the lower tunnel total pressure. The excess
pressures in the forward quadrant for Run 8 were less
than the excess pressures for Run 6; however, the much
larger disturbance area for Run 8 resulted in a larger
integrated pressure. The data indicate that the integrated
pressures for a particular run pass through a maximum
point at a certain value of P;/P;. The decrease in inte-
grated pressure for one forward quadrant after a certain
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Fig. 11. Typical pressure distribution for LN,
injection at M = 3.26
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value of P;/P; is caused possibly by the increased pene-
tration of the main body of the liquid jet before jet
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Fig. 12. Separation distance for LN injection
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break-up, resulting in a decrease in the amount of spread-
ing of the disturbance on the plate surface forward of
the injector.
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D. Temperature Data

The temperature distribution in the injector region was
obtained using chromel-constantan thermocouples located
according to the key in Fig. 3. The thermocouples were
mounted flush with the plate surface and surrounded by
a potting compound to provide some insulation between
the thermocouple and the stainless steel plate. However,
the conduction of heat in the stainless steel plate did
affect the thermocouple readings and produced a time-
dependent temperature distribution in the injector region.
One purpose of the temperature measurements was to
determine the type of thermal environment present in
the region forward of the injector where separation oc-
curs. It is known that heat transfer effects are important
in determining the nature of separation phenomena.

A comparison of the centerline temperature distribu-
tion for several run/points with P;/P, = 34 is given in
Fig. 15. As the Mach number is increased for a constant
tunnel total pressure, the injectant spreads out more,
producing a larger temperature disturbance forward of
the injector. The temperature distributions are smoothed
somewhat by the conduction effects in the plate. A com-
parison of temperature profiles and separation distances
shows that plate temperatures in the separation zone are
about equal to the liquid nitrogen temperature. The
temperature distribution for Run 6-2 indicates that the
liquid nitrogen is not in direct contact with the plate




320

O RUN 4 -2, M=26l, B =I1525cmHg; F/F = 335
240 — G RUN 6 -2, M =20l B =159 cmHg; F/R = 344 —
O RUNIO-2, M= 326 3 =154 cmHg, £ B = 344

160

80

TEMPERATURE, °F
&
5] o

\ 1
\J\ \L A
- T

-5 -4 -3 -2 - o] 1 2 3 4 S5

DISTANCE FROM INJECTOR, in.

Fig. 15. Typical temperature distributions for
LN, injection

surface downstream of the injector. The shadowgraph
for Run 6-2, shown in Fig. 9, also indicates that the liquid
nitrogen jet penetrates far into the free stream and re-
mains away from the plate downstream of the injector.

E. Impinging Jet Injector

Several liquid nitrogen runs were made using an
impinging jet injector to determine what effect the in-
creased atomization in the injector region would have on
the nature of the disturbance created. Some cold-flow
nozzle tests utilizing the impinging jet principle have been
made previously under NASA Contract No. NASw-249.

A comparison of the pressure disturbance produced by
the impinging jet injector and the single hole injector for
approximately the same flow rates is given in the contour-
pressure plot of Fig. 16. The pressure contours are drawn
for various values of the ratio of local pressure to free-
stream static pressure. The solid lines are supported by
measured pressures, and the dashed lines are reasonable
extensions of the observed pressure data. The comparison
points out several differences in the disturbance created
by the two injector designs. The disturbance region for-
ward of the impinging jet injector is much larger than
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the disturbance region upstream of the single hole; how-
ever, the excess pressures are greater for the single hole
injector. Downstream of the single hole injector there is
a region of excess pressure, while a region of subnormal
pressures similar to gas injector exists downstream of the
impinging jet injector.

In an actual application for thrust vector control, the
disturbance would occur in a region of favorable pressure
gradient. The presence of a favorable pressure gradient
would tend to reduce the area of the disturbance forward
of the injector and modify the pressure distribution
somewhat. The size of the region of excess pressure
downstream of the single hole would increase, while the
subnormal pressure region downstream of the impinging
jet injector would decrease in size. On the basis of avail-
able data, no definite conclusions can be made concern-
ing the relative merits of the two injector designs.
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Fig. 16. Comparison of pressure distribution produced
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IV. TEST RESULTS FOR GASEOUS NITROGEN INJECTION

A. General Considerations

Considerable experimental data are available in the
literature on the fluid dynamics of gas injection. A recent
survey of both theoretical and experimental work on gas
injection for thrust-vector control was reported by Kallis
and Adelburg (Ref. 2). Because of the large amount of
gas data available, only part of the gas data is discussed
here; however, most of the data is included in Appendix B.

B. Visual Data

Visual data in the form of schlierens and spark shadow-
graphs were obtained for each run/point, and much
information about the jet interaction and shock structure
resulted from an examination of these pictures.

Figure 17 shows a comparison of the spark shadow-
graphs for Run 30 at a Mach number of 2.01, a tunnel
total pressure of 110 cm Hg, and a Reynolds number per
inch of approximately 0.427 X 10°¢. The main shock pro-
duced by the nitrogen jet becomes much stronger and
more curved as the injection pressure is increased. For
higher injection pressures, the main shock splits into a
A-shock structure near the plate surface. The slip line
associated with the A-shock is visible emanating from the
junction point of the A-shock with the main curved shock.
For higher injection pressures, a shock associated with
the supersonic nitrogen jet becomes visible in the shad-
owgraphs. As will be pointed out later, the appearance
of this jet shock coincides with a change in the type of
centerline pressure distribution observed downstream of
the injector.

Several interesting features observed for the high in-
jection pressure runs are shown in Fig. 18, which is a
shadowgraph for Run 28-8. For this high injection
pressure and relatively low tunnel pressure, the gaseous
nitrogen jet penetrates a considerable distance into the
main stream. The curved main shock produced by the
injectant jet looks similar to the shock produced by a
free body in the main stream some distance away from
the plate surface. The jet shock is clearly seen also in
this picture. No forward shock associated with the sepa-
ration region is detectable in the shadowgraph; however,
this could be due to the low density flow and the
weakness of this shock.

C. Pressure Data

The pressure distribution for Run 26-6 is given in
Fig. 19. The radial rows are lettered according to the key
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Fig. 17. Comparison of shadowgraphs for GN,
injection at M = 2.01
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Fig. 18. Typical shadowgraph for GN. injection
atM = 2.61

in Fig. 2. The local plate pressure is nondimensionalized
by dividing it by the free-stream static pressure. Notice
the first peak pressure associated with a turbulent separa-
tion zone. This peak pressure decreases in passing from
the forward centerline distribution to the distribution in
radial row E. The disturbance spreads more to the side
of the injector, producing an elliptical disturbance zone
ahead of the injector.

The centerline pressure distribution shows a subnormal
pressure region immediately downstream of the injector,
which is typical of gaseous injection. This subnormal
pressure region results from an overexpansion of the pri-
mary flow in the wake of the injectant jet. Immediately
downstream of this subnormal pressure region is a region
of excess pressure. A comparison of the pressure distribu-
tion with its corresponding shadowgraph reveals that the
excess pressure region is located approximately at the
point where the jet shock contacts the plate surface. Runs
with low injection pressures did not exhibit an excess
pressure region, but rather showed a subnormal pressure
region immediately downstream of the injector, followed
by an asymptotic rise to free-stream static pressure. For
all run/points which showed an asymptotic pressure re-
covery downstream, no jet shock was observed on the
corresponding shadowgraph.

A plot of separation distance versus the ratio of injec-
tion pressure to tunnel total pressure P;/P, is shown in
Fig. 20. The separation distance here is defined as the
distance from the injector to the point forward of the
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injector where the local pressure rises above tunnel static
pressure, as measured from the centerline pressure dis-
tributions. The curves for laminar and turbulent separa-
tion both show an increase in separation distance with
increasing injection pressure. Unlike the data for liquid
nitrogen injection, the separation distance does not reach
a maximum value for the available gaseous nitrogen data.
The laminar separation distance increases for an increase
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Fig. 19. Typical pressure distribution for GN., injection
at M = 2.61
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in Mach number and/or a decrease in free-stream Rey-
nolds number. This variation will be discussed further in
Section V, on separation phenomena. The gaseous data
for the turbulent separation distance was all for low
Mach numbers and is adequately represented by a single
curve.

The extent of the subnormal pressure region immedi-
ately downstream of the injector for gaseous injection is
indicated by the length of the downstream overexpansion
region, as measured from the centerline pressure distri-
bution. The length of the downstream overexpansion
region is the distance from the injector opening to the
point downstream where the local pressure rises to the
free-stream static pressure. The length of this down-
stream overexpansion region is plotted versus the ratio
of injection pressure to tunnel total pressure P;/P; in
Fig. 21. The first peak point in the data for a particular
run corresponds to the maximum P;/P; for which the
run/points exhibited an asymptotic pressure recovery
downstream of the injector. For further increases in
P;/P,, the data drop to a minimum value and then start
increasing again.
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Values of a shock stand-off distance were measured
from the spark shadowgraphs for most runs. The stand-
off distance is defined as the distance from the injector
opening to the most forward point of the main curved
shock associated with the injectant jet. The stand-off
distance is shown plotted versus the ratio of injection
pressure to tunnel total pressure P;/P, in Fig. 22. All
runs show an increase in stand-off distance with increas-
ing injection pressure.
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Fig. 21. Length of downstream overexpansion region
for GN. injection
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V. SEPARATION PHENOMENA

A. General Considerations

Boundary-layer separation occurs whenever the stream-
wise pressure increases sufficiently to overcome the forces
tending to accelerate the flow near a solid boundary. The
only forces tending to accelerate the boundary-layer flow
are the shear forces acting between adjacent layers of
fluid. In laminar flows, a relatively small adverse pres-
sure gradient imposed on the boundary layer is sufficient
to cause separation since only viscous shearing forces are
present to overcome this pressure force. The onset of
turbulence increases the shearing forces because of the
appearance of Reynolds stresses associated with the
turbulent fluctuations. The increased shearing stresses,
tending to accelerate the boundary-layer flow, delay the
separation of the boundary layer.

B. Comparison of Laminar and Turbulent
Boundary Layer Separation

The nature of the boundary layer has a large influence
on separation phenomena. Available data on separated
flows show that the pressure rise in a turbulent separa-

tion zone is greater than the pressure rise in a laminar
separation zone, but the turbulent separation zone is
smaller than the laminar separation zone. Considerable
data, and many analyses, are available for treating sepa-
rated flows; however, most of them are concerned with
two-dimensional laminar and turbulent separations. The
majority of the work done has been on separations asso-
ciated with shock-wave boundary-layer reflections and
separations produced by steps or wedges on the flow
boundary. Indications are that for laminar separations
the pressure level in the separation zone is independent
of the geometry producing the separation, while for tur-
bulent separations the pressure level in the separation
zone often depends significantly on geometry.

In Fig. 23, the centerline pressure distributions for-
ward of the single hole injector are compared for three
run/points. The plate static pressures are nondimension-
alized by dividing them by the free-stream static pres-
sure. Notice that the pressure level in the separated
region is much greater for turbulent separation than for
laminar separation. The laminar separation zone extends
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further forward of the injector than the turbulent separa-
tion zone. It is very difficult to experimentally determine
the boundary-layer separation point from static pressure
measurements on the plate because of the steep pressure
gradient which exists at the separation point. An approxi-
mate method of determining the separation point is to
locate the separation point at the first inflection point in
the pressure distribution curve drawn through the data
points. Because of the difficulty in accurately locating
the separation point from pressure distribution data, the
separation distance is defined in this Report as the dis-
tance from the injector to the point forward of the injector
where the plate static pressure rises above the free-stream
static pressure. The actual separation distance is some-
what less than the values of separation distance reported,
since both laminar and turbulent boundary layers will
support some adverse pressure gradient before separating.

C. Turbulent Boundary Layer Separation

Bogdonoff and Kepler (Ref. 3) report on some experi-
mental work on turbulent boundary-layer separation
associated with flow over forward-facing steps and
wedges, and turbulent separation caused by incident
shocks. They obtained two different types of pressure
distributions, depending on the geometry causing the
separation. It is interesting to compare the results in
Fig. 23 with the experimental work in Ref. 3. The pres-
sure distribution for Run 15-5 is very similar in shape to
the pressure distribution in the separation zone for a
forward-facing step. The pressure increases to a peak,
then drops slightly, and finally increases to the second,
higher peak pressure. The pressure distribution for Run
12-1 is similar to the pressure distributions in the separa-
tion zone for a wedge or a shock-wave boundary-layer
reflection. The pressure does not pass through a first
peak, but continues to increase to the final peak pres-
sure; however, there is a region of decreased pressure
gradient where the pressure distribution passes through
an inflection point.

Since the separation points cannot be located accu-
rately on the pressure distributions, the runs are com-
pared by using a characteristic point in the static-pressure
distributions. The characteristic point was chosen as the
first peak in the pressure distribution, or at the inflection
point in the reduced pressure gradient region for runs
which did not exhibit a first peak.

A pressure coefficient for the separation zone, based
on the pressure at the characteristic point of the static
pressure distribution, was calculated for each run/point
which possessed a characteristic point. Figure 24 shows
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the variation of pressure coefficient with free-stream
Mach number. The pressure coefficient in the separation
zone decreases with increasing Mach number in a
manner similar to that indicated in the available data
for turbulent separation ahead of two-dimensional steps
and wedges; however, the pressure levels are lower. The
lower pressure level can be attributed to the three-
dimensional character of the separation ahead of the in-
jectant jet, compared with the essentially two-dimensional
character of the separation ahead of steps and wedges.
Some of the scatter in the data at Mach numbers of 2.01
and 2.61 can be attributed to a slight variation of pressure
coefficient with free-stream Reynolds number. The pres-
sure coefficient decreases slightly with increasing free-
stream Reynolds number. The data for steps and wedges
similarly indicate a decreasing dependence on Reynolds
number for increasing Mach number.

0.6 ‘ | | l

© RUN 4 ;, M=26l, Re/£=0.432 x108 in”!

® RUN 8 ; M=20I; Re/t=0.293 x108 in
3‘, e RUNS IO AND 12, M=3.26; Re/z=0.298 X106 in."!
G 08 O RUN I5; M=3.99; Re/£=0.330x10%in]! R
Léj @ RUN 26, M=2.6l, Re/t=0.286x10%in !
S o RUN 30; M=2.0l, Re/t=0.427 xi0%in7!

4 RUN 32; M=20l, Re/£=0.143 x10%in]"!
pd
(=] 0.4 t t
(= P
g _(‘P;)sz"
T
z 03 AN
=

L
w
o <
&
8 0.2 °
(&
w
@
o)
)
Wl
3 N
(o]
o} ] 2 3 4 5

MACH NUMBER M

Fig. 24. Pressure coefficient in separation zone for
turbulent separation

D. Laminar Boundary Layer Separation

Laminar boundary-layer separation differs considerably
from turbulent separation. In Fig. 23, notice that a
plateau region exists in the pressure distribution in the
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laminar separation zone. This plateau pressure region is
characteristic of laminar separations in general. The pres-
sure level in this plateau region is much less than the
first peak pressure in a turbulent separation zone; how-
ever, laminar separation zones cover larger areas than
turbulent ones.

A pressure coefficient for the separation zone, based on
the pressure in the plateau region of the static pressure
distribution, was calculated for each run/point. Fig-
ure 25 shows a plot of this pressure coefficient versus
the Reynolds number at the separation point for laminar
separation. Notice the decreasing dependence on Rey-
nolds number for increasing Mach-number flows. Curves
similar to this are available for laminar separation ahead
of steps and wedges. In laminar separations, the pressure
level in the plateau region tends to be independent of
the geometry causing the separation.

E. Stability of Separated Flows

The stability and steadiness of separated flows cannot
be predicted with certainty, using present information.
Motion pictures (at 5300 frames/sec) were made of several
of the liquid nitrogen injection runs to determine the
steadiness of the flow interaction. Most of the runs ex-
hibited an unsteadiness in the area of the separation zone
forward of the injector. Unsteadiness can result from a
hysteresis between laminar and turbulent separated zone
conditions if the separation zone is near the transition
point on the plate; however, some unsteadiness was ob-
served for flows where the separation zone should have
been well downstream of the transition point. A con-
tributing factor to the unsteadiness of the flow disturb-
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Fig. 25. Pressure coefficient in separation zone for
laminar separation

ance could have been the cavitation condition present in
the injector for liquid nitrogen injection.
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VI. CONCLUSIONS AND RECOMMENDATIONS

These experiments have provided a systematic coverage
of the effects of some of the more important parameters
associated with the interaction of a liquid or gaseous
injectant with a supersonic stream. The details about
shock structure, separation distances, and pressure distri-
butions in the injection region should assist in the devel-
opment of more meaningful analytical models.

In general, the trends provided by the data are those
which would be predicted by analysis. A notable excep-
tion was the apparent maximum in the curve of separa-
tion distance versus injection pressure for liquid injection.
The importance of injector design and liquid jet break-up
were illustrated by the greatly different pressure distribu-
tions observed for the two injector designs tested.
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More information about the mixing of the secondary
fluid with the main stream flow could be obtained by
experimentally probing the downstream wake of the
injectant jet. Measurements of composition, velocity, and
temperature in the downstream wake would indicate how
much entrainment and mixing occur. For liquid injection,
the difficulties of making meaningful measurements in
the downstream wake are increased because of the two-
phase nature of the region. The Massachusetts Institute
of Technology (Ref. 4) has done some work on two-phase
velocity probes and composition probes for subsonic flow
which has demonstrated that such measurements are prac-
tical if the probes are properly designed and calibrated.
Composition measurements in the downstream wake
region will be made for gas injection in the next wind
tunnel test at JPL.




APPENDIX A
Liquid Nitrogen Data

Table A-1. liquid nitrogen injection
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Pr, Ps, Tr. Ps, T P, Re/l X 10°, s:::::::“ Wime
Run M <m Hg psia °F psia oF ( P_r ) in.? in ' Ib/sec
4-1 2.61 152.0 1.494 1056.0 125.5 -316 4.29 0.430 1.00. 0.271
4-2 2.61 152.5 1.494 106.0 98.4 ~-319 3.35 0.432 1.00 0.239
4-3 2.61 1519 1.492 105.5 77.6 -315 2.65 0.431 1.00 0.213
4-4 2.61 152.6 1.500 105.5 58.8 -313 2.00 0.433 1.00 0.179
4-5 2.61 152.1 1.495 105.5 48.4 -306 1.65 0.431 1.40 0.061
6-1 2.01 152.1 3.814 119.0 114.7 -315 3N 0.558 0.65 0.259
6-2 2.01 1519 3.807 1190 100.8 -315 3.44 0.557 0.65 0.247
6-3 2.01 152.0 3.807 119.0 79.2 ~314 2.70 0.558 0.65 0.212
6-4 2.01 152.0 3.807 119.0 59.2 -312 2.02 0.558 0.65 0.179
6-5 2.01 152.2 3.819 119.0 47.9 -306 1.63 0.559 1.00 0.079
6-6 2.01 152.1 3.809 119.0 36.8 -316 1.26 0.558 0.75 0.001
81 2.01 751 1.880 94.0 130.9 -310 9.05 0.293 1.05 0.270"
8-2 2.01 75.0 1.875 94.0 114.0 -312 7.89 0.292 1.05 0.253*
8-3 2.01 748 1.880 93.0 79.4 -310 5.50 0.292 115 0.209*
8-4 2.1 74.9 1.895 93.0 58.5 —307 4.06 0.294 1.25 0.176*
8-5 2.01 75.2 1.905 93.0 50.9 —308 3.52 0.293 1.15 0.165"
10-1 3.26 151.8 0.548 110.0 129.0 —305 4.41 0.298 2.05 0.259*
10-2 3.26 151.4 0.554 110.0 100.2 —305 3.44 0.297 2.05 0.229*
121 3.26 152.1 0.539 110.0 49.3 -303 1.68 0.298 2.10 0.161"
12-2 3.26 152.4 0.541 111.5 75.9 —304 2.59 0.299 2.15 0.199*
123 3.26 151.9 0.540 110.5 151.1 -306 5.16 0.298 1.70 0.283"
12-4 3.26 152.0 0.539 110.5 61.2 -307 2.09 0.298 1.70 0.180*
12-5 3.26 1521 0.540 110.5 45.1 —-299 1.54 0.298 1.50 0.150*
14-1 3.99 152.1 0.199 108.0 122.4 -299 4.18 0.204 - o.211"
14-2 3.99 151.7 0.190 109.0 98.9 —300 3.38 0.209 — 0.190
14.3 3.99 151.9 0.200 110.0 80.4 —301 2.75 0.204 — 0.175
14-4 3.99 151.9 0.198 1100 60.6 —301 207 0.204 - 0.158
14-5 3.99 151.8 0.197 110.0 50.7 —301 1.73 0.203 - 0.140
1541 3.99 249.9 0.320 113.0 62.1 -302 1.29 0.330 3.17 0.167
15-2 3.99 250.2 0.324 114.0 80.2 —302 1.66 0.330 3.20 0.209
15-3 3.99 250.6 0.324 114.0 99.7 —302 2.07 0.331 3.35 0.220
15-4 3.99 250.4 0.325 117.0 119.2 —301 2.47 0.328 3.50 0.247
15.5 3.99 250.3 0.324 117.0 50.2 —300 1.04 0.328 3.05 0.163
2Calculated estimate
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Table A-2. Pressure data for Run 4-1 (LN, injection)

Run 4-1 Re/l, in.? 0.430 X 10°
M 2.61 P;, psia 125.5
Pr, cm Hg 1521 T;, °F —316
Ps, psia 1.49 P;/Pr 4.28
Tr, °F 106.0
Pressure Pressure Pressure Pressure Pressure Pressure
Top Ps Tap -I—’: Tap Ps Tap _P: Tap Ps Top E
Al 1.915 B1 1.982 C1 1.969 D1 1.619 El - F1 1.298
A2 2.014 B2 2.009 Cc2 1.82¢9 D2 1.777 E2 - F2 1.287
A3 1.954 B3 1.781 c3 1.882 D3 1.772 E3 1.444 F3 1.276
Ad 1.650 B4 1.093 C4 1.833 D4 1.978 E4 1.617 F4 1.217
A5 1.021 BS 1.081 c5 1.561 D5 1.620 ES 1.842 F5 1.189
A6 1.116 B6 0.990 cé 1.017 Dé 1.234 E6 1.763 Fé 1.162
A7 0.985 B7 0.992 c7 1.010 D7 1.056 E7 1.552 F7 1.155
A8 0.998 B8 0.990 cs8 0.991 D8 0.992 E8 1.559 F8 1.115
A9 0.999 B9 0.992 c9 0.990 D9 - E? 1.476 F9 1.089
A10 1.005 B10 0.996 cio 0.992 D10 0.990 E10 1.068 F10 1.083
ATl 0.998 B11 0.994 C1i 0.988 p1 0.989 Ell 0.988 F11 1.026
Al12 0.999 - - ci12 0.997 - - E12 — F12 0.909
A3 0.999 — - - — - - E13 0.992 F13 0.966
Al4 1.003 - — - - - - ET4 1.003 F14 0.902
Al5 0.997 - - - — - - - - F15 0.883
Al6 0.994 — - - - - — - - F16 -
A7 0.993 - — — — - — —_ — F17 0.900
Al8 1.003 — - - - — — - - - —
A19 0.988 - - - -— - - - — - -
A20 0.984 — -— - —_ . - - —_ — —
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Table A-3. Pressure data for Run 4-2 (LN, injection)

Run 42 Re/l, in? 0.432 X 10°
M 2.61 P, psia 98.4
Pz, cm Hg 152.5 T;, °F —=319
Ps, psia 1.49 P;/Pr 3.35
Tr, °F 106.0
Pressure P Pressure P Pressure P Pressure P Pressure P Pressure
Tap Ts Tap E Tap Fs- Tap E Tap E Top P_s
Al 1.775 Bl 1.907 C1 1.765 D1 1.691 El - F1 1.393
A2 1.893 B2 1.839 Cc2 1.834 D2 1.746 E2 - F2 1.371
A3 1.888 B3 1.564 c3 1.791 D3 1.946 E3 1.536 F3 1.333
A4 1.528 B4 0.978 C4 1.660 D4 1.651 E4 1.618 F4 1.263
A5 0.917 BS 1.107 c5 1356 D5 1.522 E5 1.786 F5 1.221
A6 1.154 B6 0.991 Cc6 1.023 D6 1.047 E6 1.586 F6 1.186
A7 0.988 B7 0.994 c7 1.009 D7 1.072 E7 1.473 F7 1.170
A8 1.000 B8 0.993 cs 0.991 D8 0.988 E8 1.496 F8 1.123
A9 1.000 B9 0.992 c9 0.992 D9 - E9 1.370 F9 1.091
Al10 1.007 B10 0.996 c1o 0.996 D10 0.990 E10 1.048 F10 1.069
AN 0.997 B11 0.996 (93] 0.984 D1 0.991 EN 0.985 F11 1.003
A12 0.999 - - ci12 0.993 - - E12 - Fi2 0.902
A3 0.997 - — - — - - E13 0.992 F13 0.897
Al4 1.002 - - - — - — E14 0.984 Fli4 0.890
Al5 0.998 - - - - - — - - F15 0.889
Al6 0.996 - - — —_ - — - - F16 -
A17 0.993 - - - — - — - - F17 0.900
Al18 0.990 - — - — - — - - - -
A19 0.990 - - - — - — - - - -
A20 0.984 - - — — - — - - - -
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Table A-4. Pressure data for Run 4-3 (LN, injection)
Run 4-3 Re/l,in.? 0.431 X 10°
M 2.61 P;, psia 77.6
Pr, cm Hg 151.9 T, °F —315
Pg, psia 1.49 P;/Pr 2.65
Tr, °F 105.5
Pressure P Pressure P Pressure Pressure Pressure 4 Pressure

Tap ?s- Tap _g Tap P_s Tap P_s Tap —;; Tap Ts
Al 1.952 B1 1.926 1 2.009 D1 1.626 El - F1 1.377
A2 1.934 B2 1.919 Cc2 1.793 D2 1.743 E2 - F2 1.339
A3 2.038 B3 1.899 c3 1.845 D3 1.742 E3 1.449 F3 1.293
A4 1.797 B4 1.262 C4 1.849 D4 1.742 E4 1.591 F4 1.215
A5 1.294 BS 1.080 c5 1.608 D5 1.628 E5 1.795 F5 1.168
Aéb 1.107 B6 0.986 cé 1.247 D6 1.342 E6 1.656 Fé 1.126
A7 0.983 B7 0.989 c7 1.025 b7 1.101 E7 1.584 F7 1.106
A8 0.995 B8 0.986 cs 0.986 D8 0.985 E8 1.561 F8 1.047
A9 0.995 B9 0.989 c9 0.986 D9 - E9 1.504 34 1.010
A10 0.999 B10 0.992 cio 0.990 D10 0.984 E10 1.120 F10 0.967
Al 0.994 B11 0.993 cn 0.984 D11 0.988 EN 0.985 F11 0.953
Al12 0.995 - - 12 0.991 - - E12 - F12 0.913
A3 0.998 - - - - - - E13 0.986 F13 0.898
Al4 0.993 - - - - — - E14 0.988 F14 0.909
Al15 0.994 - - - — - - - - F15 0.904
Alé 0.992 - - - - - - - - F16 -
A17 0.994 - - - - —_ - - - F17 0.908
A8 0.989 - - - - —_ - - - - -
Al19 0.986 - - - - - - - - - -
A20 0.981 - - - - - - - - - -
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Table A-5. Pressure data for Run 4-4 (LN, injection)
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Run 4-4 Re/l, in?* 0.433 X 10°
M 2.61 P;, psia 58.8
Pr, em Hg 152.6 T;, °F —313
Ps, psia 1.50 P;/Pr 2.00
Tz, °F 105.5
Pressure Pressure Pressure P Pressure P Pressure Pressure P
Yap Tg Tap T, Tap E Tap P_. Tap P_a Tap Tx.
Al 1.943 Bl 1.861 1 2.112 D1 1.610 3] - F1 1.366
A2 1.900 B2 1.883 c2 1L.721 D2 1.696 E2 - F2 1.310
A3 1.888 B3 2.043 c3 1.825 D3 1.716 E3 1.433 F3 1.245
Ad 2.101 B4 1.486 C4 1.841 D4 1.766 E4 1.531 F4 1.166
A5 1.413 BS 1.165 C5 1.767 D5 1.783 ES 1.718 F5 1.115
A6 1.203 B6 0.990 (¢ 1.456 D6 1.523 E6 1.685 £6 1.074
A7 0.997 B7 0.984 c7 1.142 D7 1.174 €7 1.637 F7 1.048
A8 0.991 B8 0.982 cs8 0.984 D8 1.041 E8 1.603 F8 0.989
A9 0.992 B9 0.986 (< 0.982 D9 - 24 1.559 F9 0.956
A10 0.997 810 0.989 ci10 0.988 D10 0.980 E10 1.213 F10 0.912
AN 0.990 B11 0.990 cn 0.979 D1 0.979 Ett 0.989 1 0.893
A12 0.993 - — c12 0.989 - — E12 - F12 0.870
A13 0.993 - - - - —_ - E13 0.982 F13 0.869
Al4 0.993 - - - — - - €14 0.986 Fl4 0.872
A5 0.993 - —_ - —_ - — — - F15 0.887
Al6 0.992 —_ - - — - — - - F16 -
A7 0.986 - - - - - - - — F17 0.913
Al8 0.988 - - — - - —_ - - - -_
A19 0.984 - —_ - —_ - — - —_ - -
A20 0.979 - - - - - —_ - - — —
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Table A-6. Pressure data for Run 4-5 (LN, injection)
Run 4.5 Re/l,in? 0.431 X 10°
M 2.61 Pj, psia 48.4
Pr, cm Hyg 152.1 T;, °F —306
Ps, psia 1.50 P;/Pr 1.65
Tz, °F 105.5
Pressure Pressure Pressure Pressure Pressure Pressure
Tap E Tap -I;: Tap E Tap F; Tap -P_s- Tap P_.s
Al 1.946 B1 1.735 al 1.861 D1 1.639 El - F1 0.644
A2 1.755 B2 1.664 Cc2 1.703 D2 1.490 E2 - F2 0.789
A3 1.697 B3 1.797 Cc3 1.595 D3 1.467 E3 1.411 F3 0.813
A4 1.856 B4 1.856 C4 1.646 D4 1.539 E4 1.329 F4 0.830
A5 1.872 BS 1.747 Cc5 1.754 D5 1.617 ES 1.310 F5 0.831
Ab 1.800 B6 1.430 cé 1.771 D6 1.634 E6 1.336 F6 0.821
A7 1.438 B7 1.124 c7 1.647 D7 1.551 E7 1.383 F7 0.780
A8 1.084 B8 1.038 cs 1.326 D8 1.392 E8 1.457 F8 0.770
A9 1.031 B9 0.987 Cce 1.075 D9 — E9 1.738 F9 0.797
A10 1.002 B10 0.989 c10 0.989 D10 0.984 E10 1.409 F10 0.794
Al 0.991 B11 0.991 (] 0.984 D11 0.980 E1 1.167 F11 0.808
A12 0.993 - - C12 0.990 — — E12 - F12 0.838
Al13 0.997 - - —_ - - - E13 0.987 F13 0.876
Al4 0.994 - - — - — — E14 0.984 F14 0.901
Al5 0.993 — - - - - —_ - —_ F15 0.918
A6 0.990 - - - — — — - - F16 —
A7 0.988 - — - — —_ - —_ - F17 0.948
Al8 0.988 - - - _ - -_ - - —_ -
A19 0.985 - — - — — - - - — -—
A20 0.980 - - - — — - - - - -
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Table A-7. Pressure data for Run 6-1 (LN; injection)

Run 6-1 Re/l in 0.558 X 10°
M 2,01 P;, psia 1147
Pr, em Hg 152.1 T;, °F —315
Ps, psia 3.81 P;/Pr 3.91
Tr, °F 119.0
Pressure P Pressure P Pressure P Pressure P Pressure P Pressure

Tap P_s Tap _l;s- Tap E Tap E Tap _P_s- Tap T;
Al 1.703 B1 1.584 C1 1.604 D1 1.532 El - F1 1.182
A2 1.576 B2 1.364 c2 1.564 D2 1.486 E2 — F2 w7z
A3 1.349 B3 1.023 c3 1.433 D3 1.372 E3 1.447 F3 1.126
A4 1.017 B4 1.010 C4 1.115 D4 1.156 E4 1.420 F4 0.957
A5 1.002 B5 1.009 Cc5 1.007 D5 1.002 E5 1.382 F5 1.053
Ab 1.006 B6 1.009 cé 1.005 Dé 0.987 E6 1.315 Fé 0.994
A7 0.990 B7 1.009 c7 1.006 D7 0.984 E7 1.206 F7 0.999
A8 0.994 B8 1.008 Ccs8 1.005 D8 0.981 E8 1.087 F8 0.973
A9 0.993 B9 1.003 c9 1.005 D9 — E9 1.007 F9 0.943
A10 0.996 B10 1.000 c10 1.006 D10 0.980 E10 0.973 F10 0.936
All 0.980 B11 0.995 cu 1.004 2] 0.976 EN 0.997 F11 0.947
Al12 0.991 — — c12 1.007 — - E12 - F12 0.966
A13 0.989 — — - - - - E13 1.018 F13 0.983
Al4 0.990 - — - - — — E14 1.019 F14 0.973
Al5 0.983 — - - —_ - — — — F15 0.984
Al6 0.987 - — — - - - - - F16 -
A7 0.987 - —_ - - - - — — F17 1.033
Al18 0.992 - - - — - — - - - -
A19 0.996 — - — —_ - - - — - -
A20 0.994 - - - — — - - — - -
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Table A-8. Pressure data for Run 6-2 (LN, injection)
Run 6-2 Re/l, in.” 0.557 X 10°
M 2.01 P;, psia 100.8
Pr, cm Hg 151.9 T;, °F —315
Pg, psia 3.81 P;/Pr 3.44
Tr, °F 119.0
Pressure P Pressure P Pressure Pressure Pressure Pressure
Tap P—g Tap P_g Tap Ps Tap E Tap E Tap P—s
Al 1.694 B1 1.584 C1 1.589 D1 1.536 E1 - F1 1.195
A2 1.570 B2 1.362 C2 1.565 D2 1.490 E2 - F2 1.148
A3 1.352 B3 1.023 c3 1.436 D3 1.378 E3 1.444 F3 1.140
A4 1.019 B4 1.010 C4 1.121 D4 1.162 E4 1.416 F4 1.247
A5 1.001 B5S 1.009 c5 1.008 D5 1.004 ES 1.379 F5 1151
A6 1.006 BS 1.009 Cé 1.006 D6 0.987 E6 1.312 Fé6 1.053
A7 0.990 B7 1.008 c7 1.006 D7 0.984 E7 1.202 F7 1.018
A8 0.994 B8 1.008 cs 1.005 D8 0.981 E8 1.083 F8 0.925
A9 0.993 B9 1.003 c9 1.006 D9 - E9 1.005 F9 0.937
Al0 0.997 B10 1.001 ci0 1.007 D10 0.981 E10 0.973 F10 0.931
All 0.980 B11 0.995 cn 1.005 D11 0.975 E1l 0.996 F11 0.922
A12 0.990 - - C12 1.008 - - E12 - F12 0.944
A3 0.989 - - - - - — E13 1.018 F13 0.981
Al4 0.989 - - - - - - El4 1.020 Fl14 0.971
Al5 0.983 - - - - - - - - F15 1.001
Al6 0.988 - - - - - — - - F16 —
A17 0.986 - - - -— - - - - F17 1.056
A8 0.992 - - - - — - - - - -
A9 0.997 - —_ - -— -_— —_ - - - —_
A20 0.993 - - - - - - - - - -
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Table A-9. Pressure data for Run 6-3 (LN, injection)

Run 6-3 Re/l,in? 0.558 X 10°
M 2.0 P;, psia 79.2
Pr, em Hg 152.0 T;, °F —314
P, psia 3.81 P;/Pr 2.70
Tr, °F 119.0
Pressure P Pressure P Pressure P Pressure P Pressure P Pressure P

Tap —P: Taop P_g Tap ;: Tap T. Tap Fg— Tap -P_s—
Al 1.675 B1 1.579 C1 1.602 D1 1.530 3] - F1 1.218
A2 1.570 B2 1.357 c2 1.558 D2 1.481 E2 - F2 1.153
A3 1.354 83 1.024 c3 1.424 D3 1.365 E3 1.436 F3 1.220
A4 1.023 B4 1.009 C4 1.116 D4 1.144 E4 1.409 F4 1.199
AS 1.001 BS 1.008 c5 1.008 D5 1.001 E5 1.372 F5 1.223
A6 1.005 B6 1.008 Cé 1.005 D6 0.988 ES 1.302 Fé6 1.004
A? 0.990 87 1.009 c7 1.004 D7 0.983 E7 1.185 F7 1.320
A8 0.993 B8 1.007 c8 1.005 D8 0.980 E8 1.073 F8 1.028
A9 0.993 B9 1.002 c9 1.006 D9 - E9 1.001 F9 1.163
A10 0.996 B10 1.000 cio 1.006 D10 0.978 E10 0.971 F10 0.945
All 0.979 811 0.993 cn 1.005 [P} 0.974 En 0.993 f 0.891
Al12 0.989 - - c12 1.008 - - E12 - F12 0.913
A3 0.989 —_ - — - - - E13 1.016 F13 0.927
Al4 0.989 - - - — - - Ei4 1.020 Fl4 0.982
Al5 0.982 - - - - — — - — F15 1.004
Al6 0.988 — - - - — - - - F16 —
A7 0.986 - — - - - - — - F17 1.037
A18 0.992 -— - - - - - - - - -
Al9 0.997 - - - - - - - - — -
A20 0.993 - - — — - — - - - -
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Table A-10. Pressure data for Run 6-4 (LN, injection)

Run 6-4 Re/l, in? 0.558 X 10°
M 2.01 P;, psia 59.2
Pr, em Hg 152.0 T;, °F -312
Ps, psia 3.81 P;/Pr 2.02
Tr, °F 119.0

Pressure P Pressure P Pressure P Pressure P Pressure Pressure P
Tap Ts Tap E Tap E Tap E Tap K Tap P_S
Al 1.692 B1 1.588 a1 1.683 D1 1.546 El - F1 1.223
A2 1.573 82 1.385 c2 1.567 D2 1.479 E2 — F2 1.128
A3 1.369 B3 1.023 Cc3 1.439 D3 1.373 E3 1.447 F3 1.086
A4 1.028 B4 1.008 C4 1.131 D4 1.156 E4 1.398 F4 1.211
A5 1.000 B5 1.007 Cc5 1.006 D5 1.002 E5 1.363 F5 1.169
A6 1.003 B6 1.006 cé6 1.004 D6 0.984 E6 1.294 Fé6 0.937
A7 0.989 B7 1.007 Cc7 1.004 D7 0.981 E7 1.181 F7 1.296
A8 0.9 B8 1.007 c8 1.003 D8 0.979 E8 1.069 F8 1.152
A9 0.991 B9 1.001 c9 1.004 D9 — E9 0.997 F9 1.230
A1l0 0.995 B10 0.998 c10 1.005 D10 0.977 E10 0.969 F10 0.904
All 0.978 B11 0.993 cn 1.004 D11 0.973 Ell 0.986 F11 0.906
A12 0.988 - - C12 1.006 — — E12 — F12 0.931
A13 0.988 — - - — — — E13 1.005 F13 0.940
Al4 0.988 - - - — — — E14 1.021 F14 0.967
Al5 0.982 - —_ - - - - - — F15 0.986
Alé 0.987 - — — - — - — - F16 -
A7 0.986 - - — — — - - - F17 1.016
A18 0.991 - — — - — — - - - -
A19 0.996 — - - - — - - - - —_
A20 0.993 - - - — - - - - - -
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Table A-11. Pressure data for Run 6-5 (LN, injection)
Run 6-5 Re/l in* 0.559 X 10°
M 2.01 P;, psia 47.9
Pr, em Hg 152.2 T, °F —306
Ps, psia 3.82 P;/Pr 1.63
Tr, °F 119.0
Pressure P Pressure P Pressure P Pressure P Pressure P Pressure
Tap —F; Top E Tap Ta Tap 7’: Tap -P_s. Tap -;;
Al 1.666 B1 1.521 C1 1.684 D1 1.442 El - F1 0.796
A2 1.501 B2 1.507 c2 1.493 D2 1.397 E2 — F2 0.819
A3 1.501 B3 1.507 c3 1.489 D3 1.393 E3 1.263 F3 0.819
Ad 1.482 B4 1.359 C4 1.489 D4 1.402 E4 1.272 F4 0.812
A5 1.438 B5 1.105 c5 1.381 D5 1.315 E5 1.272 F5 0.825
A6 1.179 B6 1.000 cé 1.120 D6 1.148 ES 1.272 Fé 0.826
A7 1.000 B7 1.000 c7 1.010 D7 1.005 E7 1.203 F7 0.837
A8 0.985 B8 0.999 cs 0.997 D8 0.974 E8 1.210 F8 0.849
A9 0.984 89 0.994 co 0.999 D9 - E? 1.155 F9 0.876
A10 0.988 B10 0.993 ci0 0.999 D10 0.972 E10 1.003 F10 0.881
All 0.973 B1 0.986 cn 0.999 (M) 0.968 EN 0.981 F11 0.910
A12 0.982 — - C12 1.002 - —_ E12 - F12 0.964
A13 0.982 - - - - — — E13 1.010 F13 0.983
Al4 0.983 — - - - - — El4 1.016 F14 1.016
A5 0.978 — - - - - - - - F15 1.041
Al6 0.982 —_ - - - - - - — F16 -
A7 0.981 - - — - — - - - F17 1.074
Al18 0.987 — - - - - - — - —_ -
A19 0.992 — - —_ - - - - - - -
A20 0.990 - - - - - —_ - - — —
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Table A-12. Pressure data for Run 6-6 (LN, injection)

6-6 Re/l in.? 0.558 X 10°
2.01 P;, psia 36.8
Pr, cm Hg 152.1 T;, °F -~316
Ps, psia 3.81 P;/Pr 1.26
Tr, © 119.0
Pressure P Pressure Pressure Pressure Pressure Pressure
Tap Ps Tap -;; Tap ;’: Tap T’; Tap ;: Tap P_s
Al 1.662 B1 1.623 C1 1.556 D1 1.487 El - F1 0.922
A2 1.613 B2 1.578 C2 1.569 D2 1.455 E2 - F2 0.897
A3 1.552 B3 1.204 C3 1.544 D3 1.440 E3 1.330 F3 0.877
A4 1.245 B4 1.015 C4 1.377 D4 1.313 E4 1.320 F4 0.855
A5 1.005 B5 1.001 cs 1.144 D5 1.145 E5 1.369 F5 0.856
Ab 0.998 B6 1.001 Ccé 1.001 Dé 0.995 E6 1.282 F6 0.857
A7 0.983 B7 1.003 c7 0.999 D7 0.977 E7 1.228 F7 0.874
A8 0.987 B8 1.002 c8 1.000 D8 0.974 E8 1.143 F8 0.887
A9 0.986 B9 0.997 c9 1.000 D9 - E9 1.054 F9 0.920
Al0 0.990 B10 0.995 Cc10 1.002 D10 0.975 E10 0.968 F10 0.879
AN 0.974 B11 0.989 cn 1.001 D11 0.971 EN 0.981 F11 0.914
A12 0.984 - - C12 1.005 — - E12 — F12 0.942
A13 0.983 - - — — —_ - E13 1.013 F13 0.965
Al4 0.985 - - - - — — E14 1.015 F14 1.006
Al15 0.978 - - — — — - - — F15 1.011
Alé 0.983 - - - - - - - - F16 -
A17 0.985 - - - — — - - - F17 1.000
A8 0.989 - — - - - - - — —_ -
Al19 0.994 - —_ — - - - - — — -
A20 0.991 - — - - - — - — - -
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Table A-13. Pressure data for Run 8-1 (LN, injection)

Run 8-1 Re/l in* 0.293 X 10°
M 2.01 P;, psia 130.9
Pr, em Hg 751 T;, °F —310
Ps, psia 1.88 P;/Pr 9.05
Tr, °F 94.0
Pressure P Pressure P Pressure P Pressure P Pressure P Pressure
Tap —P: Tap —;; Tap —P: Tap T, Tap : Tap _P;
Al 1.928 B1 1.610 C1 2.220 D1 1.413 El — F1 0.955
A2 1.679 B2 1.811 c2 1.398 D2 1.442 £2 - F2 0.983
A3 1.807 B3 1.757 c3 1.700 D3 1.613 E3 1.342 ] 1.013
A4 1.753 B4 1.669 C4 1.700 D4 1.604 E4 1.270 F4 0.958
A5 1.660 B5 1.450 Cc5 1.673 D5 1.592 ES 1.453 F5 0.962
A6 1.449 B6 1.092 Cc6 1.577 D6 1.536 E6 1.460 Fé6 0.953
A7 1.092 B7 1.025 c7 1.352 D7 1.450 E7 1.489 F7 0.937
A8 1.01 B8 1.026 cs8 1.052 D8 1.289 E8 1.464 F8 0.919
A9 1.003 B9 1.035 c9 0.996 D9 - E9 1.447 F9 0.938
Al10 1.002 B10 1.041 ci1o 0.994 D10 0.970 E10 1.402 F10 0.968
All 0.988 B11 1.033 C1t 0.990 D11 0.976 (3] 1.316 F11 0.918
Al12 0.994 - —_ C12 0.996 - - E12 — F12 0.905
A13 0.994 - — - - - — E13 1.025 F13 0.887
Al4 0.994 — - - - -_ -_— El4 1.003 Fl4 0.890
Al5 0.989 - -_ — — - — - — F15 0.891
Als 0.987 —_ - - - - — - — F16 -
A7 0.989 - - —_ _ — — — — F17 0.938
Al18 0.994 - - - - - - - — - -
A19 1.002 — - — - - —_ — —_ — —
A20 0.999 — - - - - — — —_ —_ —
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Table A-14. Pressure data for Run 8-2 (LN, injection)
8-2 Re/l, in.! 0.292 X 10°
2.01 P;, psia 114.0
Pr, em Hg 75.0 T;, °F -312
Ps, psia 1.88 P;/Pr 7.89
Tr, °F 94.0
Pressure Pressure Pressure Pressure Pressure Pressure
Tap -P_s Tap —P: Tap -P_s- Tap P_g Tap P_s- Tap P_s
Al 1.848 B1 1.675 1 2.119 D1 1.436 El - F1 1.002
A2 1.741 B2 1.823 Cc2 1.464 D2 1.493 E2 - F2 1.020
A3 1.984 B3 1.790 Cc3 1.724 D3 1.640 E3 1.337 F3 1.052
A4 1.744 B4 1.633 Cc4 1.887 D4 1.743 E4 1.346 F4 0.995
A5 1.599 85 1.3 Cc5 1.680 D5 1.622 E5 1.514 F5 0.987
A6 1.352 B6 1.072 Cc6 1.546 b6 1.530 E6 1.760 F6 0.977
A7 1.071 B7 1.030 Cc7 1.318 D7 1.421 E7 1.583 F7 0.973
A8 1.012 B8 1.027 cs8 1.030 D8 1.239 E8 1.479 F8 0.940
A9 1.005 B9 1.03¢9 c9 0.997 D9 - E9 1.491 F9 0.909
Al0 1.005 810 1.048 Cc10 0.980 D10 0.981 E10 1.390 F10 0.976
Al 0.990 B11 1.037 cn 0.990 DI 0.972 E11 1.287 F11 0.905
Al12 0.997 - - c12 0.996 — - E12 - F12 0.867
A3 1.000 - - — — - - E13 1.024 F13 0.840
Al4 0.995 - - - - - - El4 1.012 F14 0.866
A5 0.991 - — - - - — - - Fi5 0.884
Al6 0.989 - - — -— — — - - F16 -
A7 0.993 - - — - - - - — F17 0.944
Al8 0.996 - - - — — - - - — -
Al9 1.002 — —_ — - - - - - — -
A20 1.003 - - - — — — - — - —_

34




JPL. TECHNICAL REPORT NO. 32-542

Table A-15. Pressure data for Run 8-3 (LN, injection)

Run 8-3 Re/l, in? 0.292 X 10*
M 2.01 P;, psia 79.4
Pr, cm Hg 74.8 T;, °F —310
Pg, psia 1.88 P;/Pr 5.50
Tr, °F 93.0
Pressure P Pressure P Pressure P Pressure P Pressure P Pressure P
Tap E Tap P_g Tap T’: Tap P_. Top ;: Tap _P—a-
Al 1.953 B1 1.611 C1 2.071 D1 1.478 El —_ F1 1.013
A2 1.669 B2 1.783 c2 1.481 D2 1.453 E2 - F2 1.015
A3 2.026 B3 1.881 c3 1.670 D3 1.813 E3 1.793 F3 0.970
Ad 1.792 B4 1.861 C4 1.891 D4 1.601 E4 1.337 F4 0.952
A5 1.836 B5 1.410 Cc5 1.763 D5 2,732 E5 1.493 F5 0.944
Ab 1.448 B6 1.203 C6 1.548 D6 1.514 E6 1.691 Fé6 0.949
A7 1.242 B7 1.039 c7 1.364 D7 1.412 E7 1.888 F7 0.915
A8 1.014 B8 1.023 cs8 1.115 D8 1.255 E8 2.192 F8 0.917
A9 1.002 B9 1.035 [« 0.998 D9 — E9 1.712 24 0.938
Al10 1.002 810 1.041 Cc10 0.995 D10 0.973 E10 1.366 F10 0.894
All 0.986 B11 1.035 can 0.988 D11 0.968 ETl 1.275 Fit 0.876
A12 0.994 — - ci12 0.994 - - E12 — F12 0.869
A13 0.992 - - - - - - E13 1.021 F13 0.888
Al4 0.994 - - - - - - E14 1.009 Fi4 0.905
Al5 0.988 - — - - - - - — F15 -
Alé 0.986 - — - - - - - - F16 -
A7 0.989 - — - — - - - - F17 0.963
A8 0.994 — —_ - - - - - - - -_
A9 0.999 - - - - —_ - - —_ -— —_
A20 0.998 - -— - - -— — — - — —_
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Table A-16. Pressure data for Run 8-4 (LN, injection)
Run 8-4 Re/l, in.” 0.294 X 10°
M 2.01 P;, psia 58.5
Pr, cm Hg 74.9 T, °F —~307
Ps, psia 1.90 P;/Py 4.06
Tr, °F 93.0
Pressure Pressure Pressure P Pressure P Pressure Pressure
Tap Ps Tap P Tap Ps Tap Py Tap Py Tap Py
Al 1.971 B1 1.548 a1 2.005 D1 1.515 El - F1 0.950
A2 1.629 B2 1.684 c2 1.450 D2 1.381 E2 — F2 0.967
A3 2.150 B3 1.752 Cc3 1.609 D3 1.731 E3 1.364 F3 0.960
A4 1.667 B4 1.721 C4 1.799 D4 1.691 E4 1.279 F4 0.920
A5 1.800 B85 1.539 Cc5 1.765 D5 2.293 E5 1.415 F5 0.908
Aé 1.530 Bé 1.350 Ccé 1.654 D6 1.597 E6 1.607 Fé 0.900
A7 1.396 B7 1.195 c7 1.463 D7 1.420 E7 1.895 F7 0.910
A8 1171 B8 1.055 Ccs8 1.149 D8 1.309 E8 1.977 F8 0.973
A9 1.005 B9 1.031 c9 1.145 D9 - E? 1.718 F9 0.894
A10 0.999 B10 1.038 c10 0.991 D10 0.972 E10 1.357 F10 0.898
All 0.985 B11 1.028 cn 1.005 D] 0.967 ET 1.294 F11 0.889
A12 0.991 - - c12 0.993 — - E12 — F12 0.896
A13 0.990 - - — - - —_ E13 1.028 F13 0.901
Al4 0.992 - - - - - — E14 0.992 Fi4 0.910
Al15 0.985 - - - —_ - - - - Fi5 0.924
Al6 0.985 — - - — - — —_ — Fi6 -
A17 0.988 - - - — - - - - F17 0.981
A18 0.993 - —_ - -— - —_ - -_ - -
A19 0.998 - - - — - - - - - -
A20 1.000 - - - - - - - —_ - -
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Table A-17. Pressure data for Run 8-5 (LN, injection)

Run 8-5 Re/l, in." 0.293 X 10°
M 2.01 P;, psia 50.9
Pz, em Hg 75.2 T;, °F —308
Ps, psia 1.91 P;/Pr 3.52
Tr, °F 93.0
Pressure Pressure Pressure P Pressure P Pressyre P Pressure
Tap -'Tg- Tap ;: Tap P_g Tap —I-': Tap ';; Tap _P;
Al 1.917 B1 1.633 A 1.961 D1 1.471 El - F1 0.992
A2 1.656 B2 1.705 c2 1.529 D2 1.486 E2 - F2 0.980
A3 1.707 B3 171 c3 1.644 D3 1.543 E3 1.336 F3 0.975
A4 1.709 B4 1.662 C4 1.640 D4 1.535 E4 1.373 F4 0.924
AS 1.673 BS 1.437 Cc5 1.621 D5 1.513 ES 1.416 F5 0.906
A6 1.491 B6 1.068 (o] 1.575 Dé 1.488 E6 1.405 ~ F6 0.890
A7 1.093 B7 1.085 c7 1.322 D7 1.395 E7 1.400 F7 0.899
A8 1.041 B8 1.028 cs 1.014 D8 1.201 E8 1.388 F8 0.892
A9 1.000 B9 1.030 ot4 1.041 D9 - E9 1.388 F9 0.912
A10 1.000 B10 1.035 Cc10 0.988 D10 0.972 E10 1.351 F10 0.910
AN 0.986 B11 1.027 (@} 0.983 DN 0.963 EN 1.218 F11 0.925
Al12 0.991 - — 12 0.991 - - E12 - F12 0.939
Al13 0.991 — - - - - — Ei3 1.015 F13 0.938
Al4 0.992 - — - — - - El4 1.002 Fi4 0.952
A5 0.988 — - - - - — — - F15 0.961
Alé 0.986 — - - - - - - - F16 —
A17 0.988 — — - — - - — - F17 0.997
Al8 0.993 — — - — - - - - - —
A9 0.999 - - - - — - - - - —
A20 0.999 — - — - - - - — —_ —
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Table A-18. Pressure data for Run 10-1 (LN, injection)
10-1 Re/l in? 0.298 X 10°
3.26 P;, psia 129.0
Pr, cm Hg 151.8 T, °F -305
Ps, psia 0.548 P;/Pr 4.41
Tr, °F 110.0
Pressure Pressure Pressure Pressure Pressure Pressure
Tap _I; Tap -P—g Tap P—s- Tap Tg Tap E Tap -P:
Al 2.788 B1 3.175 9 2.396 D1 2.813 El - F1 0.810
A2 3.224 B2 2.997 c2 3.092 D2 2.954 E2 - F2 1.227
A3 3.006 B3 2.902 Cc3 3.000 D3 2914 E3 2.632 F3 1.353
A4 2.822 B4 2.383 c4 2.948 D4 3.245 E4 2.761 F4 1.353
A5 2.472 B5 2.414 c5 2.402 D5 2.086 E5 2.819 F5 1.340
A6 2.448 B6 2.377 Cé 2310 Dé 2.083 Eé6 2.374 Fé6 1.328
A7 2.423 B7 2.365 c7 2.242 D7 2.043 E7 1.902 F7 1.304
A8 2.411 B8 2.346 cs 2221 D8 2.012 E8 1.868 F8 1.230
A9 2.374 B9 2.024 Cc9 2.230 D9 - E9 1.831 F9 1.166
Al0 2.254 B10 1.310 €10 2.119 D10 1.935 E10 1.782 F10 1.077
AN 2.012 B11 1.021 cn 1.699 pN 1724 EN 1.751 Fi 1.024
Al2 1.626 —_ - C12 1.138 - - E12 - F12 0.966
A13 1.297 - - - - - - E13 1.705 F13 0.954
Al4 1.110 - - - — —_ — E14 1.638 F14 0.926
A5 1.028 — - - - - - - - F15 0.917
Alé 0.985 - - — - - - - - F16 -
AY7 0.991 - - -— - - - - - F17 0.890
A8 0.997 - - - - - - - - - -
A9 1.003 - - - - - - - — - -
A20 1.006 — - - -~ - - - — - -
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Table A-19. Pressure data for Run 10-2 (LN. injection)

Run 10-2 Re/l,in* 0.297 X 10°
M 3.26 P;, psia 100.2
Pr, em Hg 151.4 T;, °F —305
Ps, psia 0.554 P;/Pr 3.44
Tr, °F 110.0
Pressure P Pressure P Pressure P Pressure P Pressure P Pressure

Tap 'Tg. Tap ;; Tap —l_’: Tap -P_g' Tap E Tap _P_;
Al 2.861 B1 3Nz C1 2.624 D1 2.770 El - F1 0.897
A2 3.130 B2 2.958 c2 3.009 D2 2.921 E2 — F2 1.279
A3 2.958 B3 2.858 c3 2.949 D3 3.091 E3 2.573 F3 1.373
A4 2.755 B4 2.470 C4 3.003 D4 2.594 E4 2.749 F4 1.364
A5 2.549 B5 2.406 c5 2.394 D5 2.109 E5 2.952 F5 1.361
A6 2.452 BS 2.364 cé 2.343 D6 2.091 E6 2.279 Fé 1.330
A7 2.412 B7 2.337 c7 2.243 D7 2.049 E7 1.909 F7 1.303
A8 2.385 B8 2.337 cs8 2.212 D8 2,012 E8 1.788 F8 1.233
A9 2.318 89 2.024 co 2.218 D9 —_ E9 1.794 F9 1.139
A10 2.179 B10 1.352 cio 2.103 D10 1.918 E10 1.764 F10 1.076
Al 1.982 B11 1.039 cn 1.694 D11 1.727 E1l 1.733 F11 1.003
Al12 1.624 — — c12 1.164 - -— E12 — F12 0.939
Al3 1.324 —_ —_ — — — — E13 1.694 F13 0.924
Al4 1.152 - —_ —_ — -— -_ E14 1.639 F14 0.906
Al5 1.039 — - - - — — - — F15 0.894
Al6 0.988 - - -— - - — - - F16 —
A7 0.988 - - - — - —_ -—_ - Fi7 0.873
A18 1.003 - - - — - — - - - -
A9 1.000 - —_ — - - - - — —_ —
A20 1.006 —_ - - — - - - — — -~
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Table A-20. Pressure data for Run 12-1 (LN, injection)
Run 1241 Re/l, in? 0.298 X 10°
M 3.26 P;, psia 49.3
Pr, em Hg 152.1 T, °F —303
Ps, psia 0.539 P;/Pr 1.68
Tr, °F 110.0
Pressure Pressure Pressure Pressure Pressure Pressure
Tap Ps Tap Py Tap Ps Tap Po Tap Py Tap Ps
Al 2.884 B1 2.957 (o] 2.650 D1 2.498 El — Fi 1.028
A2 2.986 B2 3.059 c2 2.845 D2 2,394 E2 — F2 1.308
A3 2.976 B3 2.508 c3 3.008 D3 2.247 E3 2.300 F3 1.336
A4 2.585 B4 2.441 C4 2.512 D4 2.179 E4 2.368 F4 1.343
A5 2.507 BS 2.372 Cc5 2.285 D5 2,142 E5 2,225 F5 1.281
Aéb 2.434 B6 2.308 Ccé 2.264 Dé 2079 E6 1.931 Fé6 1.222
A7 2.356 B7 2.259 c7 2.202 D7 2.007 E7 1.831 F7 1.175
A8 2,306 B8 2,223 Ccs8 2,188 D8 2.000 E8 1.772 F8 1.088
A9 2,244 B9 1.844 c? 2.144 D9 — E9 1.750 F9 1.027
A10 2.048 B10 1.380 c10 1.952 D10 1.811 E10 1.719 F10 0.976
AN 1.776 811 1.065 cn 1.569 D11 1.528 E1l 1.699 F11 0.947
Al2 1.516 - - Ci2 1.153 — — E12 - F12 0.879
A13 1.338 - - - - - - E13 1.644 F13 0.874
Al4 1.194 - - - - — - E14 1.434 F14 0.853
A15 1.094 - - —_ -_ _ — - - F15 0.850
Al6 0.989 -— - - - —_ - - — F16 -
A17 0.992 - - - — - — - - F17 0.850
A8 0.997 — - - - — — et — - —
Al19 1.004 - —_ - - —_ - - - - -
A20 1.008 - — - - —_ — - — — -
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Table A-21. Pressure data for Run 12-2 (LN, injection)

Run 12-2 Re/l, in? 0.299 X 10*
M 3.26 P;, psia 759
Pr,em Hg 152.4 75, °F —304
Ps, psia 0.541 P;/Pr 2.59
Tr, °F 11.5
Pressure P Pressure P Pressure P Prossure P Pressure P Pressure

Tap Ps Tap Ps Tap Ps Tap ;: Tap Ps Tap T;
Al 2.796 B1 2,992 C1 2.601 D1 2.720 El - F1 0.943
A2 3.030 B2 2977 C2 2.895 D2 2.897 E2 — F2 1.306
A3 2.974 83 3.108 c3 2.990 D3 3.216 E3 2.453 F3 1.368
Ad 3.012 B4 2.481 C4 anz D4 2.347 E4 2.594 F4 1.349
A5 2.544 BS 2.407 Cc5 2.385 D5 2.207 ES 2.477 F5 1.320
A6 2.496 B6 2353 Cé 2373 D6 2.101 E6 2.035 Fé6 1.298
A7 2.430 87 2.330 c7 2.236 D7 2.024 E7 1.933 f7 1.265
A8 2.379 B8 2798 cs8 2.203 D8 2021 E8 1.867 F8 1.172
A9 2.370 89 2,025 c9 2.182 D9 - E9 1.830 F9 1.110
A0 2276 B10 1.447 C10 2.084 D10 1.883 E10 1.777 F10 1.050
‘ Al 2.076 B11 1.103 cn 1.655 on 1.639 EN 1.746 Fi1 0.982
i A12 1.689 - - c12 1.152 - - E12 — F12 0.913
: A3 1.369 — - - - — - E13 1.701 F13 0.883
Al4 1.172 - —_ - - - - El4 1.572 Fl4 0.875
AlS 1.088 —_ - - — - - - — F15 0.866

A6 0.986 - - - — - —_ - - F16 -
A17 0.990 - - - — - - —_ - F17 0.851

Al8 0.996 - - - - - - - — — —_

AlY 1.004 - - - - - — - — - -

A20 1.010 - - - — — — - - — —
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Table A-22. Pressure data for Run 12-3 (LN, injection)

Run 12-3 Re/l, in.* 0.298 X 10°
M 3.26 P;, psia 151.1
Pr, cm Hg 151.9 T;, ° —306
Ps, psia 0.540 P;/Pr 5.16
Tr, °F 110.5
Pressure Pressure Pressure Pressure Pressure Pressure
Tap Ps Tap s Tap Ps Tap Ps Tap Py Tap Py
Al 3.019 Bl 3.249 C1 2.698 D1 3.027 El - F1 1.080
A2 3.310 B2 2.844 c2 3.224 D2 2.975 E2 - F2 1.399
A3 2.881 B3 2.401 Cc3 2.855 D3 3.073 E3 2.803 F3 1.466
A4 2.570 B4 2.466 C4 2.923 D4 2.084 E4 2.787 F4 1.450
A5 2.490 B5 2.453 c5 2.280 D5 2.117 ES 3.067 F5 1.441
A6 2.480 B6 2.494 Ccé 2.305 Dé6 2.119 E6 1.927 Fé 1.401
A7 2.465 B7 2.722 c7 2.295 D7 2,077 E7 1.917 F7 1.362
A8 2.399 B8 2.281 cs 2.310 D8 2.105 E8 1.902 F8 1.271
A9 2.239 B9 1.384 c9 2.248 D9 — E9 1.899 F9 1.181
Al0 1.855 B10 1.055 cio 1.835 D10 1.825 E10 1.824 F10 1.140
All 1.435 B11 0.987 cn 1.127 b1 1.286 EN 1.784 F11 1.013
Al12 1.13¢9 - - C12 0.998 - — E12 — F12 1.001
Al3 1.031 — — - — - — E13 1.722 F13 0.990
Al4 0.995 - - — — - — E14 1.412 F14 0.972
Al5 0.983 - - - - - — - — F15 0.959
Al6 0.986 - - - - — — — - F16 -
A17 0.992 - — — — - — - — F17 0.934
Al18 0.999 - - - — — — - - - -
A19 1.003 - - - — — - - — - -
A20 1.010 — - —_ - - - -— - - —
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Table A-23. Pressure data for Run 12-4 (LN, injection)

Run 12-4 Re/l, in? 0.298 X 10°
M 3.26 P;, psia 61.2
Pr, em Hg 152.0 Ti °F —307
Ps, psia 0.539 P;/Pr 2.09
Tr, °F 110.5
Pressure P Pressure P Pressure P Pressure P Pressure P Pressure

Tap P_x Top _P_g— Tap P_g Tep —P: Tap Fg‘ Tap ‘Ta‘
Al 3.104 B1 3.055 C1 3.013 D1 3.029 E1 - F1 1.568
A2 3.021 B2 2.562 Cc2 3.060 D2 3.254 E2 - F2 1.616
A3 2.990 B3 2.499 c3 2.820 D3 2.824 E3 3.036 F3 1.602
A4 2.531 84 2.406 C4 2,545 D4 2.227 E4 3.283 F4 1.551
AS 2.445 B5 2.375 Cc5 2.340 D5 2.127 ES 2.162 F5 1.507
A6 2.394 B6 2.309 Ccé 2.266 Dé 2.107 E6 1.999 Fé 1.444
A7 2.312 B7 2.185 c7 2.248 D7 2.076 E7 1.940 F7 1.383
A8 2.135 B8 1.874 Ccs 2.218 D8 2.069 E8 1.865 F8 1.274
A9 1.781 B9 1.142 c9 2.109 D9 - E9 1.839 F9 1.157
A10 1.379 B10 1.005 C10 1.371 D10 1.348 E10 1.807 F10 1121
Al 1.166 B11 0.993 cnl 1.028 D1 1.085 E1l 1.727 F11 1.026
Al12 1.049 - - C12 1.001 - —_ E12 - F12 0.960
A13 0.996 — — — — - - E13 1.408 F13 0.941
Al4 0.988 - — - — - - E14 1.102 Fi4 0.919
Al5 0.983 — - — — - - - - F15 0.905
Al6 0.992 — — —_ —_ - — - — F16 —
Al17 0.995 —_— - - -— — — - - F17 0.891
Al8 1.002 - - - - —_ —_ - - - —
Al9 1.007 —_ — — — — - - - — —
A20 1.012 — — — — - - - - - —

43



JPL TECHNICAL REPORT NO. 32.542

Table A-24. Pressure data for Run 12-5 (LN, injection)
12-5 Re/l in.” 0.298 X 10°
3.26 P;, psia 45,1
Pr, em Hg 1521 T;, °F —299
Ps, psia 0.540 P;/Pr 1.54
Tz, °F 110.5
Pressure Pressure P Pressure Pressure Pressure Pressure
Tap Ps Tap Ps Tap Ps Tap Ps Tap Py Tap Py
Al 2.383 B1 1.928 a1 2315 D1 1.903 El —_ F1 0.544
A2 1.997 B2 1.630 Cc2 2.007 D2 1.716 E2 - F2 0.821
A3 1.831 B3 1.441 Cc3 1.644 D3 1.443 E3 1.636 F3 0.963
A4 1.669 B4 1.290 C4 1.360 D4 1.307 E4 1.610 F4 0.946
A5 1.393 B5 1.052 c5 1.219 D5 1.220 E5 1.508 F5 0.951
A6 1.128 B6 1.069 (o] 1.093 D6 1.137 E6 1.305 Fé 0.938
A7 1.081 B7 0.999 c7 1.133 D7 1.122 E7 1.183 F7 0.931
A8 1.038 B8 1.002 cs 1.084 D8 1.102 E8 1.125 F8 0.900
A9 1.004 B9 0.990 c9 1.039 D9 - E9 1.097 F9 0.885
Al0 1.035 B10 0.994 ci0 1.040 D10 1.009 E10 1.086 F10 0.873
Al 1.008 B11 0.996 cn 1.000 D1 1.010 E11l 1.012 F11 0.863
Al12 0.989 - - Cc12 1.007 - —_ E12 — F12 0.867
Al13 0.991 — - - — - - E13 1.002 F13 0.889
Al4 0.990 - - — - — - E14 1.001 F14 0.907
Al5 0.988 —_ — — - — -_ - —_ F15 0.928
A6 0.994 —_ - - - - - - - F16 -
A7 0.998 - - - — - - - - F17 0.954
A8 1.004 — — - — - - - — - -
A19 1.009 - - - —_ - - - —_ - -—
A20 1.013 — - - — - — - - - -
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Table A-25. Pressure data for Run 14-1 (LN, injection)

Run 14-1 Re/l, in? 0.204 X 10*
M 3.99 P;, psia 122.4
Pr, cm Hg 152.1 T;. °F —299
Ps, psia 0.199 P;/Pr 4.8
Tr, °F 108.0
Pressure P Pressure P Pressure P Pressure P Pressure P Pressure
Tap —P; Tap : Top -;; Tap -; Tap 'P_.- Tap ‘P—g
Al 2.377 B1 1.245 C1 2.293 D1 1.282 El —_ Fl 2.200
A2 1.211 B2 1.515 c2 1.239 D2 1.242 £2 — F2 1.327
A3 1.493 B3 2.070 c3 1.504 D3 1.459 E3 0.989 F3 0.817
A4 2.096 B4 2.932 C4 1.918 D4 2,197 E4 1.262 F4 0.583
A5 3.020 BS 2.944 c5 2.755 D5 2.766 E5 1.504 F5 0.662
A6 2.938 B6 2.560 cé 2.760 Dé 2.521 ES 1.989 Fé6 0.727
A7 2.614 B7 2,276 c7 2.529 D7 2315 E7 2.453 F7 0.806
A8 2.338 88 2.070 cs 2.284 D8 2.127 E8 2.313 F8 0.986
A9 2.127 BY 1.831 (a4 2.062 D9 - E9 2.124 F9 1.093
Al10 1.983 Bi10 1.766 cio 1.791 D10 1.648 E10 1.851 F10 1.144
A1l 1.938 B11 1.724 chn 1.699 D11 1.577 EN 1.625 Fl11 1.144
Al12 1.842 — - C12 1.648 - — E12 - Fi2 1.076
A3 1.803 - - - - - - E13 1.451 F13 1.028
Al4 1.789 - - - - -— — El4 1.417 Fl4 0.980
Al5 1.763 - - - - - — - - F15 0.946
Al6 1.749 - - - - - - — - Fi6 -
A7 1.763 — - —_ — - — - - F17 0.904
Al8 1.735 - —_ — - - — — - - -
A19 1.690 - - - - - — - — - —_
A20 1.600 — - - - — — - - —_— -
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Table A-26. Pressure data for Run 14-2 (LN, injection)
Run 14-2 Re/l,in.? 0.209 X 10°
M 3.99 P, psia 98.9
Pr, em Hg 151.7 T;, °F —300
Ps, psia 0.190 P;/Pr 3.38
Tr, °F 109.0
Pressure Pressure Pressure Pressure Pressure Pressure
Tap -P—s Tap _P: Tap ?; Tap P_g Tap ;; Tap —P—s
Al 1.376 B1 1.474 1 1.485 D1 1.053 El - F1 1.253
A2 1.676 B2 2.359 C2 1.224 D2 1.559 E2 - F2 0.874
A3 2.453 B3 3.194 c3 2.159 D3 2.529 E3 1.100 F3 0.612
A4 3.244 B4 3.241 C4 2.994 D4 2.741 E4 1.779 F4 0.600
A5 3.341 BS 3.129 c5 3.053 D5 2.697 E5 2.356 F5 0.709
A6 3.206 B6 2.894 Cé 2.971 D6 2.612 E6 2.326 Fé 0.841
A7 2.997 B7 2.626 c7 2.826 D7 2.471 E7 2.303 F7 0.968
A8 2.712 B8 2.371 cs 2.556 D8 2.259 E8 2,259 F8 1121
A9 2.462 B9 2.006 ce 2.276 D9 - E? 2.173 F9 1.232
A10 2.241 B10 1.829 C10 1.871 D10 1.650 E10 1.859 F10 1.229
All 2.150 B11 1.744 cnl 1.723 D11 1.579 E11 1.635 F11 1.182
Al2 1.979 - — ci12 1.659 —_ - E12 - F12 1.094
Al13 1.926 - - — - - - E13 1.444 F13 1.041
Al4 1.882 - - — - —_ - E14 1.406 Fi4 0.994
Al5 1.853 - — - - - - — - F15 0.962
Al6 1.835 - - —_ - - - - - F16 —_
Al17 1.832 - —_ — - - - - —_ F17 0.918
Al18 1.812 - - — - — —_ - —_ - -
Al9 1.744 - - — - —_ — - - - —
A20 1.650 - — — — - - - - - -
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Table A-27. Pressure data for Run 14-3 (LN, injection)

Run 14-3 Re/l, in* 0.204 X 10°
m 3.99 P;, psia 80.4
Pr, em Hg 151.9 T;, °F =30
Ps, psia 0.200 P;/Pr 2.75
Tr, °F 110.0
Pressure P Pressure | 4 Pressure P Pressure P Pressure P Pressure
Tap -;; Tap P_, Top —P: Tap 7; Tap E Tap —;:
Al 1.345 B1 1.546 Cl 1.454 D1 1.064 El - F1 1.151
A2 1.717 B2 2.717 Cc2 1.246 D2 1.849 E2 — F2 0.824
A3 2.807 B3 3.081 c3 2.504 D3 2.555 E3 1.252 F3 0.594
A4 3.137 B4 3.017 C4 2.877 D4 2.560 E4 2.042 F4 0.653
A5 3.104 BS 2.908 Cc5 2.852 D5 2.541 ES 2.261 F5 0.770
A6 2.964 B6 2742 Ccé 2.807 D6 2.448 E6 2.196 F6 0.927
A7 2.711 B7 2.482 c7 2.692 D7 2.325 E7 2.196 F7 1.045
A8 2.619 B8 2.235 o] 2.504 D8 2.160 E8 2,126 F8 1.216
A9 2.510 B9 1.927 ce 2.098 D9 - E9 2.031 F9 1.238
Al0 2.126 B10 1.804 cio 1.798 D10 1.569 E10 1.804 F10 1.188
All 1.989 B11 1.689 cl 1.686 DN 1.532 ET1 1.529 F11 1.143
A12 1.880 — — ci2 1.597 - - E12 -— Fi2 1.064
A13 1.826 - - - - - —_ E13 1.384 F13 1.017
Al4 1.784 — — — — - - E14 1.378 F14 0.972
Al5 1.720 — - - - —_ - - - F15 0.941
Al6 1.751 - - — — — — - - F16 -
A17 1.748 - - - - - - - - F17 0.905
Al8 1.720 —_ - - — —_ —_ — —_ - _
A9 1.639 - — —_ — — — - — — —
A20 1.541 — - —_ - — — —_ — —_ —_
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Table A-28. Pressure data for Run 14-4 (LN, injection)
Run 14-4 Re/l,in? 0.204 X 10°
M 3.99 P;, psia 60.6
Pr, em Hg 151.9 T;, °F —301
Ps, psia 0.198 P;/Pr 2.07
Tr, °F 110.0
Pressure P Pressure P Pressure Pressure 4 Pressure P Pressure
Tap P_s Tap E Tap T; Tap -F; Tap P_s- Tap P_s
Al 1.398 B1 1.633 C1 1.545 D1 1.102 El - F1 1.136
A2 1.799 B2 2.785 Cc2 1.319 D2 2.056 E2 — F2 0.811
A3 2.904 B3 2.960 Cc3 2.618 D3 2.497 E3 1.407 F3 0.573
A4 3.025 B4 2.875 Cc4 2,779 D4 2.480 E4 2118 F4 0.630
A5 2.940 B5 2.743 c5 2.751 D5 2,455 E5 2.206 F5 0.788
A6 2.791 B6 2.497 cé 2.731 D6 2.350 E6 2.155 Fé 0.955
A7 2.480 B7 2.330 c7 2.463 b7 2.169 E7 2172 F7 1.102
A8 2.424 B8 2.102 cs 2.237 D8 1.943 E8 1.994 F8 1.209
A9 2.480 B9 1.859 c9 1.977 D9 —_ E9 1.909 F9 1.189
Al0 2.037 B10 1.743 Cc10 1.706 D10 1.539 E10 1.689 F10 1.133
All 1.960 B11 1.658 C1i 1.661 D1 1.514 E11 1.472 F11 1.090
Al12 1.825 - - C12 1.568 — - E12 — F12 1.017
A13 1.791 - — — - — - EI13 1.361 F13 0.977
Al4 1.757 - — — - - — E14 1.356 F14 0.941
Al5 1.217 - - — — - — — — F15 0.929
Al6 1.706 - - - - - - - - F16 -
A7 1.709 - - - - - - - - F17 0.898
Al8 1.650 - - - - - -~ - — - -
A19 1.568 - - - - - — - - - -
A20 1.458 - - - - - - - - - -
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Table A-29. Pressure data for Run 14-5 (LN, injection)

Run 14-5 Re/l in.? 0.203 X 10°
M 3.99 P;, psia 50.7
Pr, em Hg 151.8 T, °F —301
Pg, psia 0.197 P;/Pr 1.73
Tr, °F 110.0
Pressure Pressure Pressure Pressure Pressure Pressure P
Tap —P_s- Tap _P—l Tap Fs— Tap F; Tap P_s Tap -P_s
Al 1.557 B1 1.696 Cl 1.687 D1 1.159 El - F1 1.205
A2 1.852 B2 2.773 Cc2 1.398 D2 2.128 E2 - F2 0.835
A3 2.903 83 2.906 c3 2.633 D3 2.454 E3 1.477 F3 0.574
Ad 2.980 B4 2.812 C4 2.730 D4 2.452 E4 2.108 F4 0.625
A5 2.838 B5 2,619 Cc5 2784 D5 2.415 E5 2.207 F5 0.795
AS 2.668 86 2,358 cé 2.486 Dé 2.250 E6 2125 F6 0.983
A7 2.264 B7 2151 c7 2321 D7 2.048 &7 2.145 F7 1.136
A8 2.270 B8 1.980 cs 2.162 D8 1.852 E8 1.903 F8 1.185
A9 2,284 B9 1.801 c9 1.878 D9 - 24 1.824 F9 1.162
Al0 2.014 810 1.702 c10 1.705 D10 1.509 E10 1.628 F10 1.099
All 1.869 B11 1.636 cn 1.625 D11 1.503 Ell 1.423 Fl11 1.062
Al12 1.776 - —_ Cci2 1.551 — - E12 - F12 1.003
A3 1.756 - - - - - - E13 1.347 F13 0.955
Al4 1.713 - - - - - - E14 1.361 Fi4 0.926
AlS 1.685 — - - - - - - —_ F15 0.906
Al6 1.679 - - - - - - — — F16 —
A17 1.673 - - - - -— - - - F17 0.875
Al8 1.599 - - . - - — - - - —_
A19 1.503 - - - - - - — - - -
A20 1.403 - - - - - - - _ - -

49



JPL TECHNICAL REPORT NO. 32-542

Table A-30. Pressure data for Run 15-1 (LN; injection)
Run 1541 Re/l, in* 0.330 X 10°
M 3.99 P;, psia 62.1
Pr, cm Hyg 249.9 T;, °F —302
Ps, psia 0.320 P;/Pr 1.29
Tr, °F 113.0
Pressure Pressure Pressure Pressure P Pressure Pressure
Tap P Tap Ps Tap Ps Tap Ps Tap Ps Tap Py
Al 2.958 Bl 3.444 c1 2.411 D1 2.888 3] - F1 0.716
A2 3.520 B2 3.481 Cc2 3.191 D2 3.033 E2 — F2 0.849
A3 3.457 B3 3.222 c3 3.404 D3 3.012 E3 2.572 F3 1.264
A4 3.275 B4 2.842 C4 3.243 D4 2,655 E4 2,595 F4 1.399
A5 3.005 B85 2.651 C5 2.760 D5 2.572 E5 2.464 F5 1.415
Ab 2.677 Bé 2413 Cé 2.656 D6 2,226 E6 2.355 F6 1.394
A7 2.392 B7 2.297 c7 2.441 D7 2.094 E7 2.184 F7 1.355
A8 2.399 B3 2.226 c8 2173 D8 1.942 E8 1.881 F8 1.256
A9 2.324 B9 2.262 c9 2,129 D9 - E9 1.846 F9 1187
A0 2.303 B10 2.266 c10 2.059 D10 1.853 E10 1.685 F10 1.115
All 2.339 B11 2.154 cn 2.098 D11 1.884 ET1 1.576 F11 1.066
Al2 2.331 - - Ci2 2.100 - - E12 - F12 0.989
A13 2.317 - - - - - - E13 1.646 F13 0.938
Al4 2275 - — — - —_ - E14 1.674 F14 0.897
A15 2.206 — - - - - - — - F15 0.870
Al6 1.685 - - - - —_ — - - F16 —
Al7 1.150 - - — — - - — - F17 0.841
Alg 0.932 - - - - — —_ - - — —
A19 0.921 - - - - - - - — - -
A20 0.936 - - - - —_ - - - — —
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Table A-31. Pressure data for Run 15-2 (LN, injection)

Run 15-2 Re/l,in* 0.330 X 10°
M 3.99 P;, psia 80.2
Pr, cm Hg 250.2 T;, °F —302
Ps, psia 0.324 P;/Pr 1.66
Tr, °F 114.0
Pressure P Pressure P Pressure Pressure P Pressure Pressure P
Tap _I;; Tap -—g Tap -P_s_ Tap _l;g— Tap P_s Tap Ts
Al 2.802 B1 3.292 Ci 2.370 D1 2,674 El — F1 0.702
A2 3.456 B2 3.479 Cc2 3.301 D2 2.968 E2 — F2 0.811
A3 3.522 B3 3.297 c3 3.486 D3 3.000 E3 2.513 F3 1.244
A4 3.306 B4 2.859 C4 3.294 D4 2.948 E4 2.669 F4 1.398
AS 3.115 B5 2,792 C5 2.825 D5 2721 E5 2.548 F5 1.444
A6 2.816 BS 2,382 Ccé 2.479 D6 2.282 ES 2.491 Fé6 1.424
A7 2,472 B7 2.223 c7 2.545 D7 2,138 E7 2.351 F7 1.394
A8 2.346 B8 2.180 Ccs8 2.174 D8 1.886 E8 1.946 £8 1.303
A9 2.276 B9 2.206 Cc9 2,107 D9 -_ E9 1.991 F9 1.233
Al0 2.276 B10 2.230 c10 2.003 D10 1.809 E10 1.588 F10 1.152
Al 2318 B11 2,155 c11 2,062 D11 1.847 Ell 1.545 F11 1.105
A2 2.309 - - Cci12 2.090 — - E12 — F12 1.021
Al13 2,297 - - - - - - E13 1.612 Fi3 0.960
Al4 2.259 - —_ - -— - —_ El4 1.657 Fl14 0.915
Al5 2.192 - — - - — - - - Fi5 0.891
Al6 1.723 — - - —_ — — — — F16 -
A7 1.199 - - - - - - - - F17 0.849
Al8 0.953 - - - - - — — — - —
Al19 0.924 - - — —_ — —_ - — — —
A20 0.936 - —_ - —_ — —_ — — — —_
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Table A-32. Pressure data for Run 15-3 (LN, injection)

Run 15-3 Re/l, in.? 0.331 X 10°
M 3.99 P;, psia 99.7
Pr, cm Hg 250.6 T;, °F -302
Ps, psia 0.324 P;/Pr 2.07
Tr, °F 114.0
Pressure P Pressure P Pressure P Pressure P Pressure P Pressure
Tap Tg Tap 'P_g Tap P_g Tap E Tap E Tap P_s
Al 2.647 B1 3.195 (9] 2.242 D1 2.498 E1 - F1 0.692
A2 3.280 B2 3.474 c2 2918 D2 2917 E2 - F2 0.744
A3 3.498 B3 3.356 c3 3.326 D3 3.067 E3 2.456 F3 1.112
A4 3.422 B4 3.140 C4 3.304 D4 3.017 E4 2,669 F4 1.334
A5 3.153 BS 2.937 cs 3.032 D5 2.806 ES 2.641 F5 1.408
A6 2.891 B6 2.475 Cé 2.680 D6 2.496 E6 2.576 Fé 1.441
A7 2.552 B7 2.245 c7 2.479 D7 2.143 E7 2.484 F7 1.424
A8 2.360 B8 2.238 c8 2.193 D8 1.870 E8 2.055 F8 1.337
A9 2.238 B9 2.190 c9 2.020 D9 - E9 1.972 F9 1.275
Al10 2.240 B10 2.221 c10 1.960 D10 1.785 E10 1.598 F10 1.190
Al 2.283 B11 2.178 cn 2.027 b11 1.825 E11 1.540 F11 1.145
Al12 2.297 - - C12 2.074 - - E12 - F12 1.055
A13 2.302 - - - - - - E13 1.609 F13 0.989
Al4 2.283 - - - - - - El4 1.655 F14 0.941
Al15 2.247 - - - — - - - - F15 0.908
Al6 1.873 - - - — - - - - F16 -
A7 1.341 - - - - — — - - F17 0.863
Al18 0.993 - - - - - — - - - -
Al19 0.929 - - - - - - - - - -
A20 0.939 - - - - - - - - - -
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Table A-33. Pressure data for Run 15-4 (LN injection)

Run 15-4 Re/l, in? 0.328 X 10°
M 3.99 P;, psia 119.2
Pr,em Hg 250.4 T; °F —301
Ps, psia 0.325 P;/Pr 247
Tr, °F n7z.o
Pressure P Pressure P Pressure P Pressure P Pressure P Pressure

Tap Ps Tap Ps Tap Ps Tap Ps Tap Ps Tap Ps
Al 2.536 B1 2.923 Cl 2.181 D1 2.229 E1 - F1 0.679
A2 2.948 B2 3.374 C2 2.555 D2 2,726 E2 - F2 0.645
A3 3.355 B3 3.433 c3 3 D3 3.029 E3 2.229 F3 0.983
A4 3.405 B4 3.231 C4 3.286 D4 3.078 E4 2.531 F4 1.210
AS 3.238 BS 2.900 c5 3.169 D5 2.829 E5 2.598 F5 1.348
Aéb 2.926 B6 2.566 cé 2.742 D6 2,552 E6 2.604 F6 1.409
A7 2.666 B7 2.278 c7 2.407 D7 2.424 E7 2.286 F7 1.404
A8 2319 B8 2.205 cs 2.252 D8 1.931 E8 2,126 F8 1.338
A9 2.323 B9 2.100 ce 2.069 D9 - E9 2.093 F9 1.286
A10 2.190 B10 2.148 ci0 1.879 D10 1.724 E10 1.664 F10 1.202
Al 2.216 BI11 2.142 cn 1.941 D11 1.785 E11 1.512 F11 1.155
A12 2.210 - — 12 1.998 - - E12 - F12 1.066
Al3 2.242 - - - — - - E13 1.583 F13 1.004
Al4 2.250 - — - - - - El4 1.604 Fl4 0.948
Al5 2,247 - —_ - - — — — - F15 0917
Als 2.017 - - - - — - - - F16 -
AY7 1.519 - - - - - - — - F17 0.869
Al18 1.062 — —_ - - - - - - - -
Al9 0.941 - — - -— - - - - - —
A20 0.922 - - - - - - - - — —_

53



JPL TECHNICAL REPORT NO. 32-542

Table A-34. Pressure data for Run 15-5 (LN, injection)

Run 15-5 Re/l, in.? 0.328 X 10°
M 3.99 P;, psia 50.2
Pr, em Hg 250.3 T;, °F —300
Ps, psia 0.324 P;/Pr 1.04
Tr, °F 117.0
Pressure Pressure Pressure P Pressure Pressure P Pressure
Tap P_s Tap FS_ Tap P_s Tap P—g Tap —P_s— Tap Tg
Al 2.744 B1 3.325 a 2.275 D1 2.667 El - F1 0.739
A2 3.345 B2 3.193 Cc2 3.028 D2 2.858 E2 - F2 0.801
A3 3.281 B3 3.152 (o] 3.041 D3 2.863 E3 2.515 F3 1.243
A4 2.991 B4 2.755 C4 3.010 D4 2.584 E4 2.497 F4 1.347
A5 2.915 BS 2.423 C5 2.627 D5 2.409 E5 2.342 F5 1.349
Aé 2.575 B6 2313 Cé 2.437 D6 2.081 E6 2.257 Fé 1.316
A7 2.368 B7 2.221 c7 2.193 b7 2.074 E7 2.029 F7 1.287
A8 2.299 B8 2.212 et 2.114 D8 1.853 E8 1.729 F8 1.188
A9 2.287 B9 2.276 c9 2.062 D9 - E9 1.819 F9 1.124
Al10 2.328 B10 2.224 c10 2,012 D10 1.836 E10 1.546 F10 1.055
ATl 2.395 B11 2.095 cn 2.102 DN 1.917 EN 1.535 F11 1.014
Al12 2.373 - - 12 2.107 - — E12 - Fi12 0.952
Al13 2.340 - - - - - - E13 1.649 F13 0.905
Al4 2.262 - - - - - - E14 1.670 F14 0.855
Al5 2.095 - - - - - - - - F15 0.853
Alé 1.496 - - - - - - - - F16 -
A17 1.048 - - - - - — - - F17 0.82¢9
Al18 0.921 - - - - - — - - - -
A19 0.921 - — - - - - - - - -
A20 0.927 - — - - - - - - - -
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APPENDIX B

Gaseous Nitrogen Data

Table B-1. Gaseous nitrogen injection

JPL TECHNICAL REPORT NO. 32-542

Run " Pr, Ps;, Tr, Py', Ts ( P ) Re/ l X_ ll o, 5;:';:"':"' Wer
cm Hg psia °F psia oF Pr in. in. 1b/min
1941 4.54 280.1 0.170 1.5 27.0 76 0.50 0.286 2.40 0.268
19-2 4.54 280.1 0.169 111.5 53.7 76 0.99 0.286 3.25 0.538
19-3 4.54 280.2 0.169 112.0 161.9 78 3.00 0.284 4.40 1.65
19-4 4.54 280.0 0.169 112.0 301.0 78 5.58 0.284 5.20 an
24-1 3.50 77.2 0.195 91.5 7.2 72 0.48 0.140 1.75 -
24-3 3.50 77.7 0.195 92.0 14.8 72 0.99 0.141 2.10 -
24-4 3.50 777 0.195 92.0 45.4 74 3.03 0.141 2.85 0.454
24-5 3.50 777 0.194 92.0 119.5 74 7.99 0.141 3.50 1.21
24.6 3.50 77.6 0.195 92.0 164.9 74 1.0 0.140 3.80 1.69
247 3.50 77.6 0.194 92.0 301.3 75 20.2 0.140 4.50 3.12
26-1 2.61 100.2 0.969 101.0 9.3 73 0.48 0.287 0.375 -
26-2 2.61 100.3 0.973 102.0 18.8 74 0.97 0.287 0.40 -
26-3 2.61 100.1 0.973 103.0 57.3 74 297 0.285 0.55 0.576
26-4 2.61 100.5 0.978 104.0 156.2 74 8.07 0.285 0.75 1.60
26-5 2.61 100.7 0.978 104.0 212.0 74 10.9 0.286 0.75 2.19
26-6 2.61 100.7 0.976 105.0 300.1 74 15.5 0.286 0.90 .n
28-1 2.61 354 0.351 85.0 3.5 71 0.51 0.105 1.25 -
28-2 2.61 35.4 0.351 84.0 6.4 71 0.93 0.106 1.40 -
28-4 2.61 35.4 0.351 82.5 20.8 72 3.05 0.106 2.00 -
28-5 2.61 354 0.351 82.5 54.1 72 7.95 0.106 2.40 -
28-6 2.61 355 0.353 82.0 108.4 73 15.9 0.107 2.95 1.10
28.7 2.61 355 0.351 82.0 216.7 73 37 0.107 3.50 2.25
28-8 2.61 35.2 0.351 81.5 296.0 73 43.7 0.109 3.85 3.09
30-1 2.01 1103 2.717 96.0 127 73 0.60 0.428 0.375 -
30-2 2.00 1107 2727 97.0 253 74 1.19 0.428 0.40 0.25
30-4 2.01 110.5 2.720 97.5 72.4 74 3.40 0.427 0.50 0.73
30-5 2.01 110.5 2722 98.0 205.6 74 9.66 0.427 0.70 2.10
30-6 2.0 110.6 2723 98.0 296.1 74 13.9 0.427 0.80 3.09
32-1 2.00 355 0.897 81.5 3.2 70 0.46 0.143 0.42 -
32-2 2.01 358 0.906 81.0 6.2 71 0.90 0.144 0.42 -
32-3 2.01 35.6 0.902 80.0 19.8 72 2.89 0.143 0.55 0.195
32-4 2.01 35.0 0.890 77.0 53.7 73 7.97 0.142 0.65 0.537
32-5 2.01 35.2 0.892 77.0 107.5 73 15.9 0.143 0.90 1.09
32-6 2.01 35.6 0.902 77.0 217.5 73 31.7 0.145 1.05 2.25
327 2.01 347 0.879 77.0 256.4 73 38.4 0.141 1.20 2.65
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Table B-2. Pressure data for Run 19-1 (GN, injection)
Run 19-1 Re/l,in."! 0.286 X 10°
M 4.54 P;, psia 27.0
Pr, cm Hg 280.1 T; °F 76
Ps, psia 0.170 P;i/Pr 0.50
Tr, °F 111.5
Pressure Pressure Pressure Pressure Pressure Pressure
Tap Ps Tap Py Tap Ps Tap Py Tap Ps Tep Ps
Al 2.379 B1 1.211 cl 2.336 D1 1.518 El - F1 0.482
A2 1.297 B2 1.178 c2 1.267 b2 0.983 E2 - F2 0.521
A3 1.214 B3 1.247 Cc3 1.092 D3 1.089 E3 0.921 F3 0.554
A4 1.287 B4 1.257 C4 1.195 D4 1.168 E4 0.950 F4 0.640
A5 1.300 B5 1.257 (o] 1.214 D5 1.158 E5 1.046 F5 0.716
A6 1.280 B6 1.254 Cé 1.221 Dé 1.168 E6 1.099 F6 0.776
A7 1.294 B7 1.254 Cc7 1.231 D7 1175 E7 1.109 F7 0.785
A8 1.287 B8 1.261 Ccs8 1.224 D8 1.188 E8 1.109 F8 0.822
A9 1.284 B? 1.231 ce 1.228 D9 - E9 1.122 F9 0.858
A10 1.277 B10 1.195 Cc10 1.218 D10 1.162 E10 1.142 F10 0.861
All 1.271 B11 1.152 cn 1.188 D11 1.135 Ell 1.125 F11 0.871
Al12 1.247 - - C12 1.148 - - E12 - F12 0.891
A13 1.182 - - - - - - E13 1.079 F13 0.891
Al4 1.198 - - - - - - El4 1.073 F14 0.908
Al5 1.165 - - - - — - — - F15 0917
Al6 1.000 - - - - — - - - F16 —
A7 1.026 - - - - - — - — F17 0.947
Al18 1.033 — - - - - - - - - -
A9 1.043 - - - - - - - - - —
A20 1.063 - - - - - - - - - _
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Table B-3. Pressure data for Run 19-2 (GN. injection)
Run 19-2 Re/l, in.”" 0.286 X 10°
M 4.54 P;, psia 537
Pr,cm Hg 280.1 T;, °F 76
Ps, psia 0.169 P;/Pr 0.99
Tr, °F 11LS
Pressure Pressure P Pressure P Pressure P Pressure Pressure

Tap E Tap F‘; Tap ;; Tap ;: Tap FS— Tap 7’:
Al 2.904 B1 2,063 C1 2,977 D1 2.545 E1 — F1 0.452
A2 2.253 82 1.179 c2 2,286 D2 1.372 E2 - F2 0.455
A3 1.292 83 1.196 c3 1.196 D3 0.983 E3 1.900 F3 0.492
A4 1.216 B4 1.263 C4 1.110 D4 1.070 E4 0.957 F4 0.542
A5 1.282 B5 1.296 c5 1.199 D5 1.153 E5 0.940 F5 0.581
A6 1.322 B6 1.289 c6 1.249 D6 1.196 17 1.000 Fé6 0.658
A7 1.319 B7 1.296 c7 1.263 D7 1.203 E7 1.073 F7 0.701
A8 1316 B8 1.289 c8 1.246 D8 1.213 E8 1.120 F8 0.804
A9 1.316 B9 1.289 c9 1.253 D9 - E9 1.140 F9 0.831
AY0 1.319 B10 1.286 c10 1.259 D10 1.216 E10 1.173 F10 0.851
All 1.329 B11 1.266 cn 1.259 D1 1.199 EN 1.183 F11 0.874
A12 1.302 - - Ci2 1.243 - - E12 - F12 0.880
A13 1.312 -_ - - - — —_ E13 1.123 F13 0.894
Al4 1.309 — -_— —_ —_ — — El4 1.113 F14 0.884
AlS 1.289 -_ -_ - — - - - - F15 0.914
Al6 1.206 - - - - - - - - F16 —-
A7 1.070 - - - - - - — - F17 0.924
Al18 1.030 - —_ - . - - — — - —_
A9 1.043 - — - — - - — —_ - —_
A20 1.070 - - —_ — — — — — - —
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Table B-4. Pressure data for Run 19-3 (GN; injection)
Run 19-3 Re/l in? 0.284 X 10°
M 4,54 P;, psia 161.9
Pr, cm Hg 280.2 T;, °F 78
Ps, psia 0.169 P;/Pr 3.00
Tr, °F 112,0
Pressure P Pressure P Pressure Pressure Pressure P Pressure
Tap 7; Tap —}; Tap E Tap P_g Tap Fs- Tap P_s'
Al 3.605 B1 3.366 C1 2.980 D1 3.173 El - F1 0.395
A2 3.303 B2 2.944 Cc2 3.515 D2 2.947 E2 - F2 0.415
A3 2.957 B3 1.920 Cc3 2.897 D3 2.518 E3 2.871 F3 0.425
A4 2176 B4 1.253 C4 2.166 D4 1.465 E4 2.874 F4 0.449
A5 1.399 B5 1.196 c5 1.269 D5 1.037 E5 2.176 F5 0.482
A6 1.236 B6 1.249 C6 1.120 D6 1.050 E6 1.209 Fé 0.502
A7 1.269 B7 1.292 c7 1.183 D7 1.110 €7 0.924 F7 0.502
A8 1.312 B8 1.329 c8 1.223 D8 1.179 E8 0.967 F8 0.552
A9 1.346 B9 1.349 c9 1.236 D9 — E9 1.037 F9 0.601
A0 1.372 B10 1.349 cio 1.319 D10 1.316 E10 1.133 F10 0.704
All 1.392 B11 1.352 cn 1.329 D11 1.296 Ell 1.243 F11 0.784
A2 1.382 - - Ci2 1.316 - - E12 - F12 0.867
Al13 1.376 - - - - — - E13 1.256 F13 0.904
Al4 1.379 - - - - - - E14 1.186 F14 0.904
AlS 1.376 - - - - - - — - F15 0.924
Al6 1.372 - - - - - - -_ - F16 —
A7 1.356 - - - — — - - - F17 0.934
A18 1.279 - - - - - - - - - -
Al9 1.126 - - - — - - - - — -
A20 1.070 - —_ - —_ - - - — —_ -

62




JPL TECHNICAL REPORT NO. 32-542

Table B-5. Pressure data for Run 19-4 (GN. injection)

Run 19-4 Re/l, in? 0.284 X 10°
M 4.54 P;, psia 301.0
Pr, cm Hg 280.0 T;, °F 78
Ps, psia 0.169 P;/Pr 5.58
Tr, °F 112.0
Pressure P Pressure P Pressure P Pressure P Pressure P Pressure
Tap -ng_ Top -Fa— Tap T’: Tap ’_g Tap E Tap _P:
Al 3.608 B1 4.980 Cc1 2.884 D1 3.067 3] - F1 0.369
A2 497 B2 3.864 Cc2 4.764 D2 3.990 E2 - F2 0.389
A3 3.831 B3 3.153 c3 4113 D3 3.515 E3 2.718 F3 0.389
Ad 3.166 B4 2.113 C4 3.200 D4 2.934 E4 3.515 F4 0.425
A5 2.332 B5 1.432 Cc5 2.369 D5 1.877 ES 3.535 F5 0.422
A6 1.545 B6 1.243 (o] 1.482 Dé 1.206 E6 2.884 Fé6 0.445
A7 1.309 B7 1.263 c7 1.209 D7 1.093 E7 1.887 F7 0.439
A8 1.299 B8 1.299 cs8 1.193 D8 1.143 E8 1.196 F8 0.472
A9 1.332 B9 1.356 c9 1.243 D9 —_ 34 1.010 F9 0.478
Al0 1.356 B10 1.392 c10 1.316 D10 1.342 E10 1.103 F10 0.522
A1l 1.392 B11 1.399 cn 1.376 D11 1.382 EN 1.193 F11 0.558
Al12 1.399 — - Cc12 1.392 - — E12 - F12 0.694
A13 1.405 - —_ - - - - E13 1.349 F13 0.857
Al4 1.422 - — - - - - El4 1.276 Fl4 0.917
Al5 1.419 - - - - — -— - - F15 0.924
A6 1.412 - - — — - - - —_ F16 —
A17 1.419 — - - - - — - - F17 0.937
Al8 1.402 - - —_ — - —_ - - - -_
A9 1.342 - - - - —_ —_ - - -— —_—
A20 1.206 - - — - — - - - - -_
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Table B-6. Pressure data for Run 24-1 (GN, injection)
24-1 Re/l, in.? 0.140 X 10°
3.50 P;, psia 7.2
Pr, cm Hg 77.2 T, °F 72
Ps, psia 0.195 P;/Pr 0.48
Tr, °F 91.5
Pressure P Pressure Pressure P Pressure P Pressure P Pressure _P_
Tap 'P_s Tap P—a Tap —P: Tap P_g Top ; Tap Py
Al 1.417 B1 . 1.195 Ci 1.434 D1 1.086 El — F1 0.474
A2 1.213 B2 1.192 c2 1.161 D2 1.126 E2 - F2 0.569
A3 1.227 83 1.190 C3 1.187 D3 1.146 E3 1.078 F3 0.684
A4 1.215 B4 1.175 C4 1.175 D4 1.141 E4 1.109 F4 0.733
A5 1.190 B5 1.161 Cc5 1.158 D5 1.129 E5 1.115 F5 0.764
A6 1.178 B6 1.126 Ccé 1.144 D6 1121 E6 1.109 Fé 0.790
A7 1.149 87 1.106 c7 1.152 D7 1.109 E7 1.103 F7 0.828
A8 1.126 B8 1.086 c8 1.112 D8 1.092 E8 1.092 F8 0.885
A9 1.098 B9 1.046 (¢4 1.098 D9 — E9 1.086 F9 0.928
A10 1.080 B10 1.020 ci10 1.057 D10 1.055 E10 1.078 F10 0.957
All 1.072 B11 1.020 Clt 1.046 D11 1.040 EN 1.049 F11 0.983
Al12 1.040 - - Ci2 1.029 - —_ E12 -— F12 1.006
Al13 1.040 - - - - - — E13 1.029 F13 1.020
Al4 1.043 - - - - - - E14 1.009 F14 1.026
Al5 1.020 -— - - - — - —_ -— F15 1.029
Al 1.029 - - - — - - - - F16 —
A7 1.01 - - - —_ - - - - F17 1.020
A18 1.011 - - - - - - - - — -
A19 1.014 - - - - - - - - - —_
A20 1.023 - - - - - - - - — -
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Table B-7. Pressure data for Run 24-3 (GN, injection)
Run 243 Re/l, in.* 0.141 X 10°
M 3.50 Py, psia 14.8
Pr, em Hg 777 T;, °F 72
Ps, psia 0.195 P;/Pr 0.99
Tz, °F 92.0
Pressure Pressure Pressure P Pressure P Pressure Pressure
Tap ;; Tap P_g Top P_g Tap ;: Tap E Tap -Fa—
Al 1.358 B1 1.204 (9} 1.375 D1 1.120 El - F1 0.410
A2 1.224 B2 1.198 C2 1.172 D2 1.097 E2 - F2 0.430
A3 1.235 B3 1.209 o] 1172 D3 1.138 E3 0.994 F3 0.496
A4 1.232 B4 1.224 C4 1.189 D4 1.149 E4 1.075 F4 0.590
A5 1.232 BS 1.212 c5 1.195 D5 1.158 E5 1.106 F5 0.682
A6 1.232 B6 1.212 Cé 1.206 D6 1.163 E6 1.135 Fé 0.719
A7 1.226 87 1.186 c7 1.198 D7 1.149 E7 1.120 F7 0.785
A8 1.204 88 1.166 Ccs8 1.175 D8 1.149 E8 1.120 F8 0.842
A9 1.183 B9 1.120 c9 1.158 D9 — E9 1.126 F9 0.871
A10 1.175 B10 1.072 c10 1.123 D10 1.112 E10 1.100 F10 0.900
All 1.143 B11 1.043 c1 1.092 pN 1.072 E1 1.086 F11 0.923
Al2 1.103 — - c12 1.046 - —_ E12 —_ F12 0.951
A3 1.086 — — - —_ — - E13 1.057 F13 0.983
Al4 1.057 —_ - - —_ — — E14 1.037 F14 1.000
Al5 1.046 - — -— — — - - - F15 1.014
Al6 1.014 — — - — -— - - —_ F16 -
Al7 1.014 — —_ — - - — — — F17 1.020
A8 1.012 — —_ - - - - - - — —
Al9 1.012 —_ - - - —_ — — -_— — —_
A20 1.029 - - - - - - - - — -
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Table B-8. Pressure data for Run 24-4 (GN, injection)
24-4 Re/l, in.? 0.141 X 10°
3.50 P, psia 45.4
Pr, cm Hg 77.7 T, °F
Ps, psia 0.195 P;/Pr 3.03
Tr, ° 92.0
Pressure Pressure Pressure Pressure Pressure Pressure
Tap Ps Tap Py Tap Ps Tap Py Tap Py Tap Ps
Al 2.517 B1 1.282 1 2.810 D1 1.701 El — F1 0.41
A2 1.437 B2 1.126 Cc2 1.394 D2 0.986 E2 — F2 0.428
A3 1.172 B3 1.224 c3 1.080 D3 1.063 E3 1.080 F3 0.440
A4 1.238 B4 1.241 C4 1.169 D4 1.144 E4 0.942 F4 0.465
A5 1.261 BS 1.244 Cc5 1.300 D5 1175 E5 1.023 F5 0.477
Ab 1.253 B6 1.236 c6 1.207 D6 1172 E6 1.098 Fé 0.51
A7 1.267 B7 1.244 c7 1.22% D7 1.175 E7 1.129 F7 0.557
A8 1.259 B8 1.238 cs 1.213 D8 1.184 E8 1.126 F8 0.721
A9 1.238 B9 1.224 ce 1.215 D9 —_ E9 1.129 F9 0.810
Al0 1.259 810 1.207 C10 1.213 D10 1.141 E10 1.146 F10 0.842
All 1.259 B11 1172 cn 1.198 D11 1.161 Ell 1.144 F11 0.862
Al2 1.238 —_ - Cci2 1.167 - - E12 —_ F12 0.876
A13 1.224 - - - — - — E13 1.051 F13 0917
Al4 1.213 _ — — - —_ - E14 1.098 F14 0.937
Al5 1.187 - - - —_ ol — - —_ F15 0.960
Al6 1.072 - - - - -_ — — - F16 -
A7 1.029 - - — — — — - - F17 0.968
A18 1.011 — - —_ —_ - - —_ —_ — —
A9 1.009 — — - - —_ - — — —_ —
A20 1.026 - - - — — — — — — _
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Table B-9. Pressure data for Run 24-5 (GN; injection)

Run 24-5 Re/l, in.* 0.141 X 10°
M 3.50 P;, psia 119.5
Pr, cm Hg 77.7 T;, °F 74
Ps, psia 0.194 P;/Pr 7.99
Tr, °F 92.0
Pressure P Pressure P Pressure P Pressure P Pressure P Pressure

Tap E Tap Fg— Tap —P—; Tap E Tap P_s Tap _P_s_
Al 5916 B1 2.058 (&4} 5.781 D1 4.487 El - F1 0.349
A2 2.095 B2 1.035 c2 3.066 D2 1.375 E2 —_ F2 0.363
A3 1.107 B3 1.124 c3 0.988 D3 0.922 E3 3.326 F3 0.374
Ad 1.148 B4 1.207 C4 1.032 D4 1.014 E4 1.326 F4 0.395
A5 1.230 BS 1.259 Cc5 1.135 D5 1.107 E5 0.914 F5 0.422
A6 1271 B6 1.265 [« 1.213 D6 1.170 E6 0.948 Fé6 0.438
A7 1.287 B7 1.262 c7 1.242 D7 1.199 E7 1.020 F7 0.441
A8 1.285 B8 1.259 Ccs8 1.225 D8 1.205 E8 1.095 F8 0.498
A9 1.280 B9 1.265 Cc9 1.236 D9 - E9 1.150 F9 0.533
A0 1.280 B10 1.259 c10 1.242 D10 1.202 E10 1.158 F10 0.594
ANl 1.287 B11 1.265 cn 1.245 D11 1.210 EN 1.161 F11 0.702
Al12 1.289 —_ - Ci2 1.239 —_ - E12 —_ F12 0.884
A13 1.280 — - - - - — E13 1.156 F13 0.922
Al4 1.280 - - — — - — E14 1.135 F14 0.928
Al5 1.270 - - —_ - — — — -— F15 0.907
Al6 1.230 - - - — - - -— - F16 -
AV7 1.119 — - - —_ — — — — F17 0.955
Al18 1.020 — - - —_ —_ — - - - -
Al9 1.027 — - - - — - — - - —
A20 1.027 — - - — - - — - - -
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Table B-10. Pressure data for Run 24-6 (GN, injection)
Run 24-6 Re/l in.? 0.140 X 10°
M 3.50 Pj, psia 164.9
Pr, cm Hg 77.6 T;, °F 74
Ps, psia 0.195 P;/Pr 1.0
Tr, °F 92.0
Pressure Pressure Pressure Pressure Pressure Pressure

Tap T; Tap E Tap E Tap P_s Tap —P; Tap Tg
Al 6.287 B1 3.537 Cc1 5.235 D1 5.580 E1 - F1 0.328
A2 3.545 B2 1.066 c2 5.166 D2 2.557 E2 - F2 0.345
A3 1.113 B3 1.060 C3 1.359 D3 0.914 E3 4,583 F3 0.351
A4 1.102 B4 1.149 c4 0.957 D4 0.951 E4 2.457 F4 0.377
A5 1.164 B5 1.221 Cc5 1.063 D5 1.040 E5 1.072 F5 0.379
A6 1.241 B6 1.261 cé 1.155 D6 1.109 E6 0.896 Fé 0.408
A7 1.283 B7 1.276 c7 1.227 D7 1.169 E7 0.954 F7 0.405
A8 1.292 B8 1.282 cs 1.247 D8 1.210 E8 1.017 F8 0.434
A9 1.290 B9 1.270 [ 1.244 D9 - E? 1.086 F9 0.448
Al10 1.290 B10 1.276 c10 1.247 D10 1.210 E10 1.190 F10 0.484
Al 1.300 B11 1.279 C1i 1.253 DN 1.218 EN1 1.175 F11 0.529
Al2 1.289 — - c12 1.244 - -— E12 - F12 0.726
Al13 1.292 — - - -— - — E13 1.169 F13 0.920
Al4 1.289 - - - - - -_— E14 1.141 F14 0.942
Al5 1.320 - - - - - - - - F15 0.962
Alé 1.270 — - - - - — - - F16 -
Al7 1.198 — — — - — - — - F17 0.922
Al8 1.079 — —_ - — - —_ - —_ - —_
Al9 1.020 - - - - — - - - - -
A20 1.030 - - - - - - - - - -
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Table B-11. Pressure data for Run 24-7 (GN. injection)

Run 247 Re/l,in.? 0.140 X 10*
M 3.50 P;, psia 301.3
Pr,em Hg 77.6 T; °F 75
Ps, psia 0.194 P;/Pr 20.2
Tr, °F 92.0
Pressure P Pressure P Pressure P Pressure P Pressure P Pressure P

Tap : Tap -P—,- Tap P_. Tap E Tap Z Tap 'Z
Al 5.055 B1 7.127 C1 3.853 D1 4.640 3] - F1 0.294
A2 7.400 B2 3.130 c2 7.519 D2 6.034 E2 - F2 0.314
A3 3.017 B3 1.060 c3 4775 D3 2.986 E3 3.873 F3 0.317
A4 1.100 B4 1.040 C4 1.458 D4 1.173 E4 5.063 F4 0.334
A5 1.109 BS 1.115 c5 0.931 D5 0.931 E5 3.640 F5 0.340
A6 1.148 B6 1179 Cc6 1.075 Dé 1.020 E6 1.769 Fé 0.354
A7 1.188 B7 1.233 Cc7 ’ 1.133 D7 1.075 E7 1.014 F7 0.354
AB 1.252 B8 1.268 cs8 1.173 D8 1.138 E8 0.942 F8 0.372
A9 1.280 B9 1.282 c9 1.219 D9 — £9 1.006 F9 0.372
Al0 1.301 B10 1.282 c10 1.265 D10 1.236 E10 1.081 F10 0.392
AN 1.304 BY1 1.294 Cit 1.294 D11 1.225 Ell 1.173 F11 0.406
Al12 1.304 - - Ci2 1.254 — - E12 - F12 0.438
Al13 1.309 - - - —_ —_ - E13 1.190 F13 0.516
Al4 1.301 - —_ - - — - El4 1.193 F14 0.754
A5 1.304 — — — - - — - — F15 1.034
Al6 1.301 - — - — — — - - F16 —
A7 1.297 - - - - — - - - F17 1.006
Al8 1.251 - - —_ —_ — - - - —_ —
A19 1.128 - - P — — — - — — —
A20 1.032 - - - - - — —_ - — —_
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Table B-12. Pressure data for Run 26-1 (GN., injection)

Run 26-1 Re/l in." 0.287 X 10°
M 2.61 P;, psia 9.3
Pr, em Hg 100.2 T;, °F 73
Pg, psia 0.969 P;/Pr 0.48
Tr, °F 101.0
Pressure Pressure Pressure Pressure Pressure Pressure
Tap -P-q‘ Tap P_s Tap ;; Tap P_s Tap ;: Tap E
Al 1.338 B1 1.044 a1 1.413 D1 1.146 El — F1 0.695
A2 1.054 B2 1.033 Cc2 1.060 D2 1.032 E2 - F2 0.850
A3 1.039 B3 1.036 Cc3 1.030 D3 1.020 E3 1.129 F3 0.895
A4 1.044 B4 1.033 C4 1.028 D4 1.019 E4 1.043 F4 0.956
A5 1.042 B5 1.032 c5 1.025 D5 1.021 E5 1.024 F5 0.993
Ab 1.049 B6 1.030 Ccé 1.025 Dé 1.022 Eé 1.016 Fé 1.015
A7 1.033 B7 1.030 €7 1.025 D7 1.019 E7 1.013 F7 1.010
A8 1.038 B8 1.030 cs8 1.022 D8 1.022 E8 1.013 F8 1.025
A9 1.039 89 1.030 c9 1.020 D9 - E9 1.013 F9 1.018
A10 1.039 B10 1.030 c10 1.022 D10 1.021 E10 1.010 F10 1.019
AN 1.037 B11Y 1.030 cu 1.019 D11 1.021 ET 1.013 F11 1.012
A12 1.031 - — c12 1.019 — — E12 — F12 1.004
A13 1.031 — - - - - - E13 1.011 F13 1.001
Al4 1.031 - - - - — — E14 1.002 Fi4 1.008
Al5 1.027 — — — — — —_— - - F15 1.002
Alé 1.021 - - - - - - - — F16 —
A7 1.023 - - - — — - - — Fi7 1.002
A8 1.020 — - - - - —_ - — - -
A9 1.016 — - — — - - - - - —
A20 1.009 - - - - — — - — - -
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Table B-13. Pressure data for Run 26-2 (GN; injection)

Run 26-2 Re/l, in." 0.287 X 10°
M 2.61 P;, psia 18.8
Pr, em Hyg 100.3 T;, °F 74
Ps, psia 0.973 P;/Pr 0.97
Tr, °F 102.0
Pressure P Pressure P Pressure P Pressure P Pressure P Pressure
Tap ‘P_n Tap Tg. Top _P_; Top —P-,— Tap E Tap T;
Al 1.569 Bl 1.077 (9] 1.629 D1 1.326 El - F1 0.434
A2 1.075 B2 1.029 C2 1.13¢9 D2 1.062 E2 - F2 0.702
A3 1.032 B3 1.030 c3 1.025 D3 1.017 E3 1.271 F3 0.877
A4 1.036 B4 1.028 C4 1.023 D4 1.015 E4 1.10V F4 0.885
A5 1.035 B5 1.027 c5 1.021 D5 1.016 E5 1.032 F5 0.917
A6 1.041 B6 1.028 cé 1.019 D6 1.015 E6 1.013 F6 0.964
A7 1.028 B7 1.025 Cc7 1.020 D7 1.015 E7 1.007 F7 0.990
A8 1.031 88 1.031 cs8 1.017 D8 1.017 E8 1.009 F8 1.021
A9 1.031 B9 1.024 c9 1.015 D9 - E9 1.008 F9 1.020
A0 1.033 B10 1.025 [811] 1.016 D10 1.016 E10 1.006 F10 1.022
All 1.029 B11 1.024 1 1.015 b1 1.015 EN 1.008 F11 1.010
A2 1.027 - - Ci2 1.017 - - E12 - F12 0.988
A3 1.029 - - — -— - — E13 1.006 F13 0.995
Al4 1.025 - —_ — -— - — E14 0.998 F14 1.000
Al5 1.020 - - - — - - - - F15 0.997
Alé 1.019 - - - - - — —_ — F16 -
A17 1.017 - - — — - — -_— - F17 0.995
Al8 1.014 - - - —_ - - - - —_ —_
Al9 1.010 — - - — -— —_ —_ - - —_
A20 1.005 - — - —_ - — — —_ — -
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Table B-14. Pressure data for Run 26-3 (GN, injection)
Run 26-3 Re/lin"  0.285 X 10°
M 2.61 P, psia
Pr, cm Hyg 100.1 T;, °F
Py, psia 0.973 P;/Pr
Tr, °F 103.0
Pressure Pressure Pressure Pressure Pressure Pressure

Tap Ps Tap Py Tap Py Tap Py Tap Py Tap Py
Al 1.992 B1 1.575 (&) 1.917 D1 1.678 3] — F1 0.252
A2 1.538 B2 1.092 Cc2 1.670 D2 1.480 E2 - F2 0.329
A3 1.074 B3 1.031 Cc3 1.192 D3 1.138 E3 1.506 F3 0.392
A4 1.036 B4 1.026 C4 1.026 D4 1.023 E4 1.432 F4 0.505
A5 1.038 BS 1.025 Cc5 1.020 D5 1.013 E5 1.291 F5 0.743
Ab 1.041 Bé 1.025 Ccé 1.017 D6 1.013 E6 1.1 Fé 0.992
A7 1.028 B7 1.023 c7 1.017 D7 1.014 E7 1.024 F7 1.029
A8 1.031 B8 1.023 cs8 1.016 D8 1.014 E8 1.008 F8 0.988
A9 1.031 89 1.023 c9 1.013 D9 — E9 1.006 F9 0.970
A10 1.033 B10 1.021 c10 1.014 D10 1.014 E10 1.004 F10 0.978
All 1.029 B11 1.023 cn 1.012 D11 1.013 Ell 1.005 F11 0.991
Al2 1.029 - - C12 1.014 — — E12 - F12 0.989
A3 1.026 — - - — — — Ei3 1.005 F13 0.990
Al4 1.024 — — - - — — E14 1.001 F14 0.995
AlS 1.020 - - - - - - - - F15 0.985
Al6 1.019 - — — - — — - - F16 —
AY7 1.017 - - — — — - - - F17 0.989
Al8 1.013 - - - — - -_ — - - -
Al19 1.010 — - - - - — - — - —
A20 0.988 - — - —_ —_ —_ — - - —
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Table B-15. Pressure data for Run 26-4 (GN, injection)

Run 26-4 Re/l, in.! 0.285 X 10°
M 2.61 P, psia 156.2
Pr, cm Hg 100.5 T;, °F 74
Ps, psia 0.978 P;/Pr 8.07
Tz, °F 104.0
Pressure P Pressure P Pressure 4 Pressure P Pressure P Pressure
Tap P_s Tap P_s Tap -P_s. Tap P_s Tap E- Tap 7;
Al 2.115 B1 2.019 C1 2.399 D1 1.543 El - F1 0.176
A2 2.055 B2 1.879 Cc2 1.849 D2 1.785 E2 - F2 0.229
A3 1.865 B3 1.374 c3 1.865 D3 1.712 E3 1.446 F3 0.267
A4 1.322 B4 1.044 C4 1.630 D4 1.576 E4 1.616 F4 0.290
A5 1.041 B5 1.027 c5 1.166 D5 1.243 E5 1.594 F5 0.312
A6 1.040 B6 1.026 Ccé 1.022 D6 1.044 E6 1.546 Fé 0.329
A7 1.025 B7 1.025 c7 1.019 D7 1.016 E7 1.466 F7 0.358
A8 1.030 B8 1.025 cs 1.018 D8 1.015 E8 1.338 F8 0.494
A9 1.030 B9 1.024 c9 1.014 D9 — E9 1.157 F9 1.059
A10 1.031 B10 1.024 Cc10 1.015 D10 1.015 E10 1.010 F10 1.221
ANl 1.029 Bi1 1.024 c1n - DN 1.015 EN 1.007 F11 1.090
Al2 1.026 — — c12 - - - E12 — F12 1.008
Al13 1.028 - — — - — — E13 1.007 F13 0.988
Al4 1.025 - - — — — — El4 1.001 Fi4 0.995
Al5 1.020 — - — - — — — — F15 0.991
Al6 1.019 - — - — — — — — F16 -
A7 1.014 - —_ — - —_ - —_ — F17 0.985
A18 1.013 - — - - - Lt - - - -
Al19 1.010 - — - - - — - - - -
A20 1.002 - —_ — -— —_ — — _ —_ —

73



JPL TECHNICAL REPORT NO. 32-542

Table B-16. Pressure data for Run 26-5 (GN, injection)

Run 26-5 Re/lin."  0.286 X 10°
M 2.61 P;, psia 212.0
Pr,¢cm Hg 100.7 T;, °F 74
Py, psia 0.978 P;/Pr 10.9
Tr, °F 104.0
Pressure Pressure P Pressure Pressure Pressure Pressure
Tap P_g Tap E Tap E Tap E Tap P—b Tap ;;
Al 2.715 81 1.884 1 3.090 D1 1.623 El - F1 0.166
A2 1.980 B2 2.003 c2 1.664 D2 1.713 E2 - F2 0.205
A3 2.020 B3 1.760 c3 1.941 D3 1.780 E3 1.443 F3 0.249
Ad 1.735 B4 1.206 C4 1.828 D4 1.712 E4 1.540 F4 0.271
A5 1.038 B5 1.032 [ 1.526 D5 1.555 E5 1.634 F5 0.288
A6 1.046 B6 1.027 Cé 1.091 D6 1.232 2 1.602 Fé 0.298
A7 1.030 B7 1.025 c7 1.022 D7 1.039 E7 1.561 F7 0.318
A8 1.031 B8 1.025 cs 1.018 D8 1.017 E8 1.506 F8 0.375
A9 1.024 89 1.024 c9 1.015 D9 - E9 1.397 F9 0.484
Al0 1.035 B10 1.026 c10 1.017 D10 1.018 E10 1.068 F10 1.045
Al 1.029 B11 1.024 cn 1.015 [R] 1.015 Ell 1.010 Fi1 1.271
A2 1.028 — - a2 1.016 - — E12 - F12 1.069
Al3 1.027 — - — — - — E13 1.008 F13 1.010
Al4 1.028 - — - — - - E14 1.007 F14 1.003
Al5 1.020 - — - — — —_ - — F15 0.999
Al6 1.019 - - - - — — — - F16 —
A7 1.018 — - - — — - - - F17 0.989
A18 1.012 — — - - - - - - - —
A9 1.005 — — — — - — - - — -
A20 1.004 — — — - - — — - - -
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Table B-17. Pressure data for Run 26-6 (GN. injection)

Run 26-6 Re/l in. ™ 0.286 X 10°
M 2.61 P;, psia 300.1
Pr, cm Hg 100.7 T;, °F 74
Ps, psia 0.976 P;/Pr 15.5
Tr, °F 105.0
Pressure P Pressure P Pressure P Pressure P Pressure [ 4 Pressure
Tap _P_; Tap -; Tap 7; Tap E Tap .E Tap —P—;
Al 3.605 B1 1.684 1 3.894 D1 2113 El - F 0.155
A2 1741 B2 2038 c2 1.669 D2 1.494 E2 - F2 0.184
A3 2.092 B3 1.983 Cc3 1.853 D3 1.782 E3 1.768 F3 0.225
A4 1.994 B4 1.723 C4 1.949 D4 1.796 E4 1.403 F4 0.251
AS 1.662 BS 1.182 Cc5 1.837 D5 1.742 E5 1.554 F5 0.272
A6 1.4 B6 1.033 Cé 1.513 D6 1.620 E6 1.647 Fé 0.283
A7 1.030 B7 1.028 c7 1.104 D7 1.322 E7 1.624 F7 0.295
A8 1.035 B8 1.029 c8 1.023 D8 1.072 E8 1.600 F8 0.334
A9 1.039 B9 1.029 c9 1.019 D9 - 134 1.561 F9 0.382
A0 1.038 B10 1.029 c10 1.019 D10 1.021 E10 1.351 F10 0.445
All 1.031 B11 1.027 c1 1.018 D11 1.019 En 1.057 F11 0.839
Al12 1.030 - - C12 1.020 - - E12 - F12 1.275
A13 1.030 - - - - - - E13 1.012 F13 1.092
Al4 1.029 - - - - - - E14 1.009 Fl4 1.029
A5 1.022 - —_— — - — — - - F15 1.016
Al6 1.021 - - - - - — - - F16 -
A7 1.019 - - - - - - - - F17 1.002
A8 1.018 - - - - - - - - —_ -
A9 1.011 - - - - —_ - - - — -
A20 1.007 - - - - - — - - — -
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Table B-18. Pressure data for Run 28-1 (GN, injection)
28-1 Re/l, in. 0.105 X 10°
2.61 P;, psia 3.5
Py, em Hg 35.4 T;, °F 71
Py, psia 0.351 P;/Pr 0.51
Ty, °F 85.0

Pressure Pressure Pressure Pressure Pressure Pressure P
Tap -P: Tap —P; Taop P—s Tap _P: Tap Ta. Tap ;;
Al 1.150 B1 1.137 1 1.092 D1 1.075 £l - F1 0.684
A2 1.160 B2 1.108 Cc2 1.108 D2 1.069 E2 - F2 0.758
A3 1.138 B3 1.092 c3 1.099 D3 1.057 E3 1.043 F3 0.849
A4 1.111 B4 1.073 C4 1.080 D4 1.049 E4 1.049 F4 0.915
A5 1.089 B5 1.054 c5 1.061 D5 1.041 ES 1.043 F5 0.960
A6 1.063 B6 1.035 Cc6 1.045 D6 1.033 E6 1.037 F6 0.985
A7 1.053 B7 1.029 c7 1.037 D7 1.026 E7 1.030 F7 0.994
A8 1.041 B8 1.022 (@] 1.022 D8 1.019 E8 1.024 F8 1.012
A9 1.010 B9 1.013 c9 1.011 D9 — E? 1.022 F9 1.009
Al10 1.032 B10 1.035 c10 1.008 D10 1.006 E10 1.008 F10 1.011
Al 1.042 B11 1.016 cn 0.997 D11 1.003 ET1 1.006 F11 1.060
Al2 1.033 - — ci12 0.997 - - E12 - F12 0.990
A13 1.031 - — — - — - Ei3 1.002 F13 0.987
Al4 1.031 — — — —_ —_ —_ E14 0.997 F14 1.002
A5 1.031 - — - — — — - - F15 1.006
Al6 1.030 - -—_ — — - — — - F16 —_
A7 1.034 - — — — — — - —_ F17 -
Al8 1.030 - - - - - - - - — -
Al9 1.040 — — - —_ — —_ —_ —_ — —
A20 1.031 — — — —_ — — — — — —_
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Table B-19. Pressure data for Run 28-2 (GN, injection)

Run 28-2 Re/l, in. " 0.106 X 10°
M 2.61 P;, psia 6.4
Pr, cm Hg 35.4 T;, °F 71
Py, psio 0.351 P;/Py 0.93
Tr, °F 84.0
Pressure P Pressure P Pressure P Pressure P Pressure Pressure
Tap E Tap ;; Tap ;: Tap ; Tap ;:- Tap ?;
Al 1.195 B1 1.144 C1 1.214 D1 1.075 £l - F1 0.456
A2 1.172 B2 1.134 c2 1118 D2 1.086 E2 - F2 0.643
A3 1.160 B3 1.125 c3 1.118 D3 1.083 E3 1.053 F3 0.781
A4 1.141 B4 1.101 C4 1101 D4 1.075 E4 1.069 F4 0.819
AS 1.1 BS 1.080 cs 1.086 D5 1.066 E5 1.062 F5 0.880
A6 1.091 B6 1.058 Cé 1.074 D6 1.051 E6 1.059 F6 0.926
A7 1.070 B7 1.042 c7 1.058 D7 1.043 E7 1.053 F7 0.950
A8 1.052 B8 1.029 cs 1.035 D8 1.037 E8 1.045 F8 0.987
A9 1.043 B9 1.019 c9 1.027 D9 - E9 1.038 F9 1.000
Al0 1.035 B10 1.018 cio 1.013 D10 1.007 E10 1.026 F10 1.010
All 1.040 B11 1.013 T 1.003 D11 1.011 E11 1.013 F11 1.020
Al12 1.031 - — c12 1.005 — — E12 — F12 0.993
Al3 1.036 — - — - — - E13 1.000 F13 1.000
Al4 1.031 — — — - — — E14 0.999 F14 1.009
A15 1.029 - —_ -— — — — —_ —_ F15 1.003
Al6 1.031 — - - - —_ — - - F16 -
A17 1.030 - —_ - - - - - - F7 1.008
Al8 1.030 - - - - —_ — —_ -— - _—
A9 1.030 - - - - - —_ - - - -
A20 1.036 - — - — - — -_— — - -
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Table B-20. Pressure data for Run 28-4 (GN, injection)
Run 28-4 Re/l, in.? 0.106 X 10°
M 2.61 P;, psia 20.8
Pr, cm Hg 354 T;, °F 72
Ps, psia 0.352 P;/Pr 3.05
Tr, °F 82.5
Pressure P Pressure P Pressure Pressure Pressure Pressure
Tap Ps Tap ;; Top E Tap E Tap _g Tap P—s
Al 1.284 B1 1.157 C1 1.213 D1 1.114 El - F1 0.292
A2 1.188 B2 1.167 Cc2 1.133 D2 1.085 E2 —_ F2 0.332
A3 1.189 B3 1.157 c3 1.140 D3 1.104 E3 1.040 F3 0.357
A4 1.186 B4 1.172 Cc4 1.143 D4 1.1377 E4 1.071 F4 0.447
A5 1.181 B5 1.165 Cc5 1.148 D5 1.120 E5 1.084 F5 0.630
Ab 1.180 B6 1.164 Ccé 1.145 Dé 1.122 E6 1.088 Fé6 0.795
A7 1.165 B7 1.130 c7 1.138 D7 1.116 E7 1.098 F7 0.874
A8 1.145 B8 1.1 cs8 1.133 D8 1.108 E8 1.096 F8 0.890
A9 1.127 B9 1.068 c9 1.108 D9 —_ E9 1.098 F9 0.925
Al0 1.104 B10 1.034 C10 1.071 D10 1.063 E10 1.085 F10 0.959
All 1.085 B11 1.024 Cii 1.050 D11 1.024 EN 1.063 F11 0.976
Al12 1.063 —_ — 12 1.021 - — E12 - F12 0.986
Al3 1.055 - — - - - - E13 1.015 F13 1.005
Al4 1.045 - — — - - — E14 1.008 F14 1.010
A5 1.039 — - - - - - - - F15 1.016
A6 1.034 - - - - —_ - - - F16 —
A7 1.034 - - - - —_ - - - Fi7 Lon
Al18 1.031 — - - - — - - - — -
Al9 1.032 - - - - - - - - - —
A20 1.039 — — - - - — - - — -
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Table B-21. Pressure data for Run 28-5 (GN. injection)

Run 28-5 Re/l, in? 0.106 X 10°
M 2.61 P, psia 54.1
Pr, em Hg 354 T, °F 72
Ps, psia 0.352 P;/Pr 7.95
Tr, °F 82.3
Pressure P Pressure P Pressure P Pressure P Pressure P Pressure
Tap Ps Tap E Tap Ps Tap Ps Tap Py Tap Ps
Al 1.675 B1 1.127 C1 1.945 D 0.984 (3] -— F1 0.273
A2 1171 B2 1.187 c2 1.043 D2 1.035 E2 -— F2 0.302
A3 1.230 B3 1.198 c3 1.147 D3 1.118 E3 0.973 F3 0.318
Ad 1.217 B4 1.187 C4 1.163 D4 1.126 E4 1.003 F4 0.331
A5 1.215 85 1.183 c5 1.150 D5 1.129 E5 1.078 F5 0.355
A6 1.190 B6 1.180 Cé 1.156 D6 1.135 E6 1.102 Fé 0.372
A7 1.193 B7 1.182 [erd 1.164 D7 1.142 E7 1.107 F7 0.407
A8 1.193 88 1.17¢9 cs8 1.164 D8 1.143 E8 1.113 F8 0.639
A9 1.190 B9 1.158 co 1.161 D9 - E9 1.127 F9 0.974
Al0 1.183 B10 1.123 Cc10 1.155 D10 1.129 E10 1.139 F10 1.051
AN 1.7 B11 1.080 cn 1.113 D] 1.078 Ell 1.131 F13 0.984
A2 1.153 - - C12 1.091 - - E12 - F12 0.926
A1l 1,13} - - - - — - E13 1.054 F13 0.957
Al4 1.100 - - - —_— - - El4 1.038 Fi4 1.006
AlS 1.084 - - —_ - - - - - F15 1.006
Al6 1.032 -— - - — - —_ —_ — F16 -
AY7 1.032 - - - -— - —_ - - F17 1.012
A8 1.027 - - — —_ - -— — - - —_
A9 1.030 - —_ —_ —_— —_ -— -— —_ - —
A20 1.032 - 8 - — - — — — - -
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Table B-22. Pressure data for Run 28-6 (GN, injection)
28-6 Re/l, in." 0.107 X 10°
2.61 P;, psia 108.4
Pr, cm Hg 355 T;, °F 73
Ps, psia 0.353 P;/Pr 15.9
Tr, °F 82.0
Pressure Pressure Pressure Pressure P Pressure Pressure
Tap Ps Tap E Tap f Tap E Tap P_.s Tap Ts'
Al 3.920 B1 1.116 Cl 4.593 D1 1.935 El — F1 0.235
A2 1.199 82 1.127 C2 1.168 D2 1.001 E2 - F2 0.254
A3 1.172 B3 1.211 c3 1.046 D3 1.025 E3 1.562 F3 0.270
A4 1.259 B4 1.225 C4 1.143 D4 1.098 E4 1.057 F4 0.291
A5 1.259 BS 1.212 Ccs 1.178 D5 1.146 ES 0.990 F5 0.302
A6 1.230 B6 1.195 Cé 1.176 D6 1.157 E6 1.041 Fé 0.317
A7 1.214 B7 1.195 Cc7 1.178 D7 1.163 E7 1.093 F7 0.331
A8 1.200 B8 1.179 cs 1.176 D8 1.170 E8 1.132 F8 0.389
A9 1.200 B9 1.197 c9 1.174 D9 - E9 1.154 F9 0.426
A10 1.198 B10 1.184 c10 1.178 D10 1.179 E10 1.211 F10 0.542
All 1.204 B11 1.168 cn 1.160 D1 1151 E11 1.217 F11 0.836
A12 1.196 — - ci12 1.160 - - E12 - F12 1.136
A13 1.188 — - - - — — E13 1.105 F13 1.050
Al4 1.180 - - - — — — El4 1.073 F14 1.021
Al15 1.160 — - - — — — - — F15 0.960
Als 1.080 — — - — — — - - F16 -
A17 1.032 - - - — — - — — F17 0.994
Al8 1.029 — - - — - - — - — -
A9 1.031 — — - —_ - — - - - —
A20 1.029 — — — — — — — - — —
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Table B-23. Pressure data for Run 28-7 (GN. injection)

Run 28-7 Re/l, in.? 0.107 X 10°
M 2.61 P;, psia 216.7
Pr, em Hg 35.5 T;, °F 73
Ps, psia 0.351 P;i/Pr 317
Tr, °F 82.0
Pressure P Pressure P Pressure P Pressure P Pressure Pressure
Tap P_s Tap _;; Tap ;: Tap P_g Tap E Top E
Al 6.161 Bl 2.544 Cc1 5.014 D1 4.793 El - F1 0.214
A2 2.502 B2 1.102 c2 3.880 D2 2.064 E2 - F2 0.233
A3 1.221 B3 1.123 Cc3 1.182 D3 1.040 E3 3.766 F3 0.238
A4 1.233 B4 1177 C4 1.041 D4 1.01 E4 2.255 F4 0.255
A5 1.250 BS 1.214 Cc5 1.096 D5 1.054 E5 1.305 F5 0.268
A6 1.289 B6 1.206 Cé 1.158 D6 1.100 E6 1.010 Fé6 0.282
A7 1.273 B7 1.206 c7 1.174 D7 1.150 E7 1.002 F7 0.284
A8 1.249 B8 1.188 [« ] 1.182 D8 1.182 E8 1.037 F8 0.310
A9 1.239 B9 1.203 Cce 1.187 D9 —_ E9 1.081 F9 0.329
A10 1.221 B10 1.199 c10 1.193 D10 1.249 E10 1.196 F10 0.349
All 1.218 B11 1.199 (e3]] 1.188 D11 1.236 E1l 1.313 F11 0.378
A2 1.218 - —_— Ci12 1.190 - —_ E12 - F12 0.475
A13 1.216 - - — — - - E13 1.244 F13 0.985
Al4 .21 - — — —_ — —_ El4 1.126 F14 1.220
Al5 1.210 - - - — —_ — - - F15 1.165
Al6 1.180 —_ —_ - - - - - - F16 —_
A7 1.098 -_— - - — — — - —_ F17 1.030
Al8 1.038 —_ —_ - - - — —_ — - -
A9 1.034 - — -— —_ - — - - - -
A20 1.038 — - — — - —_ - - —_ -
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Table B-24. Pressure data for Run 28-8 (GN,, injection)
Run 28-8 Re/l, in.? 0.109 X 10°
M 2.61 P;, psia 296.0
Pz, em Hg 35.2 T; ° 73
Ps, psia 0.351 P;/Pr 43.7
Tr, °F 81.5
Pressure Pressure Pressure Pressure Pressure P Pressure
Tap Ps Tap Ps Tap Ps Tap Ps Top Ps Tap Ps
Al 5859 B1 4.331 4.282 D1 4.825 El — F1 0.203
A2 4.165 B2 1.486 Cc2 5.446 D2 3.574 E2 — F2 0.214
A3 1.464 B3 1.150 c3 2.104 D3 1.545 E3 3.769 F3 0.218
A4 1.230 B4 1.197 C4 1.101 D4 1.085 E4 3.33¢9 F4 0.236
A5 1.234 B5 1.230 Cc5 1.114 D5 1.082 ES 2.103 F5 0.242
Aéb 1.271 Bé6 1.241 (o} 1.147 Dé 1.114 E6 1.332 Fé 0.246
A7 1.294 B7 1.240 c7 1.189 D7 1.163 E7 1.088 F7 0.264
A8 1.282 B8 1.213 c8 1.213 D8 1.203 E8 1.067 F8 0.290
A9 1.260 B9 1.227 ce 1.227 D9 - E9 1.086 F9 0.296
A0 1.240 B10 1.224 cio 1.235 D10 1.353 E10 1.173 F10 0.309
All 1.234 B11 1.225 < 1.216 D11 1.342 E11 1.344 Fl11 0.326
Al12 1.220 — — c12 1.230 - — E12 -_ F12 0.378
Al13 1.220 - - - - — — E13 1.395 F13 0.484
Al4 1.222 -— - —_ - - —_ E14 1.245 Fi4 0.995
Al5 1.219 - - — — — — - F15 1.238
Al6 1.211 — — - — - - - -_ F16 —
A7 1.162 —_ - - - - - - F17 1.139
A8 1.070 - - - — - - -— - -
A19 1.032 - - - - - - - — -
A20 1.032 - - - - — - - - -
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Table B-25. Pressure data for Run 30-1 (GN, injection)

Run 30-1 Re/l, in.? 0.428 X 10°
M 2.01 Pj, psia 12.7
Pr,em Hg 1103 T;, °F 73
Ps, psia 272 P;/Pr 0.60
Tr, °F 96.0
Pressure P Pressure P Pressure P Pressure P Pressure P Pressure

Tap P_g Tap P_g Tap P—s Tap Z Tap ;: Tap : —E
Al 1.178 B1 1.004 1 1.251 D1 1.086 El — F1 0.799
A2 1.013 B2 1.000 Cc2 1.015 D2 1.010 E2 - F2 0.888
A3 1.001 B3 1.000 c3 1.002 D3 1.002 E3 1.089 F3 0.985
A4 1.003 B4 0.998 C4 1.003 D4 1.001 E4 1.026 F4 1.008
A5 1.003 BS 0.996 c5 1.002 D5 1.001 E5 1.008 F5 1.013
Ab 1.013 B6 0.998 Ccé 1.000 D6 1.001 E6 0.999 Fé 1.017
A7 0.998 B7 0.998 c7 1.001 D7 1.001 E7 0.994 F7 1.000
AB 1.008 B8 0.999 cs8 1.001 D8 1.001 E8 0.998 F8 1.010
A9 1.008 B9 0.999 [« 1.000 D9 — E9 1.000 F9 1.015
Al10 1.013 B10 0.999 10 1.003 D10 1.003 E10 0.999 F10 1.021
All 1.003 B11 0.998 cn 1.003 D1t 1.003 Ell 1.008 F1 1.022
Al12 1.003 — — c12 1.004 - — E12 — F12 1.022
Al3 1.002 - - -— —_ — - E13 1.013 F13 0.994
Al4 1.001 - - — - - — E14 1.004 F14 1.008
Al5 0.996 - — —_ —_ - - — — F15 1.008
Alé 1.000 - —_ — — — - - — F16 —_
A17 1.009 - - — - - - - -—_ F17 1.014
Al8 1.002 - —_ — — - — —_ - - .
Al9 1.009 — —_ — — - —_ — - - _—
A20 1.008 — — - — - - - - - -
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Table B-26. Pressure data for Run 30-2 (GN,, injection)

Run 30-2 Re/l in.? 0.428 X 10°
M 2.01 P;, psia 25.3
P, em Hg 110.7 T;, °F 74
Ps, psia 2.73 P;/Pr 1.19
Tr, °F 97.0
Pressure P Pressure P Pressure P Pressure P Pressure P Pressure
Tap _I;; Tap F; Tap Fs— Tap F; Tap P_s Tap E
Al 1.366 B1 1.018 Cl 1.393 D1 1.208 El — F1 0.593
A2 1.022 B2 1.000 Cc2 1.069 D2 1.035 E2 — F2 0.883
A3 0.997 B3 1.000 c3 1.003 D3 1.003 E3 1.169 F3 0.910
A4 1.000 B4 0.997 C4 1.002 D4 1.001 E4 1.077 F4 0.936
A5 1.000 BS 0.996 c5 1.001 D5 1.001 E5 1.024 F5 0.980
A6 1.009 B6 - Cé 1.000 D6 1.001 E6 1.003 Fé 1.011
A7 0.995 B7 0.998 c7 1.001 D7 1.001 E7 0.995 F7 1.010
A8 1.001 B8 0.999 cs 1.000 D8 1.001 E8 0.998 F8 1.022
A9 1.002 B9 0.999 c9o 1.000 D9 — E9 0.999 F9 1.020
Al10 1.009 B10 0.999 c10 1.002 D10 1.003 E10 0.999 F10 1.020
All 1.001 B11 0.997 cn 1.003 D11 1.004 E11 1.008 F11 1.022
Al2 1.001 - - c12 1.005 - — E12 — F12 1.017
A13 1.000 — — — — — — E13 1.014 F13 0.993
Al4 0.998 - — - — - — E14 1.003 Fl14 1.006
Al5 0.993 - - - — — —_ — — F15 1.005
Al6 0.997 - - — - — - - - F16 -
A7 0.995 —_ —_ - - - — - - F17 1.011
Al18 1.000 - — — - - — — — — —
A19 1.005 - - — — — — — — — -
A20 1.001 — — - — — — - - — —
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Table B-27. Pressure data for Run 30-4 (GN. injection)
Run 30-4 Re/l, in." 0.427 X 10°
M 2.01 P;, psia 72.4
Pr, em Hg 110.5 T;, °F 74
P, psia 272 P;/Pr 3.40
Tz, °F 97.5
Pressure Pressure Pressure Pressure Pressure P Pressure

Tap -P_s Tap _P: Tap P_s Tap -P—, Tap E Tap T’;
Al 1.599 B1 1.337 Cci1 1.555 D1 1.408 El - F1 0.301
A2 1.318 B2 1.017 c2 1.405 D2 1.284 E2 - F2 0.450
A3 1.009 B3 0.999 c3 1.087 D3 1.075 E3 1.305 F3 0.680
A4 1.001 B4 0.998 C4 1.005 D4 1.006 E4 1.253 F4 1.019
A5 1.000 B5 0.996 Cc5 1.001 D5 1.001 E5 1.1 F5 1.050
Ab 1.010 B6 0.998 Ccé 1.000 D6 1.001 E6 1.074 Fé 0.981
A7 0.995 B7 0.998 c7 1.001 D7 1.000 E7 1.014 F7 1.001
A8 1.002 B8 0.999 cs 1.001 D8 0.999 E8 1.002 F8 0.990
A9 1.004 B9 0.999 (4 1.000 D9 —_ E9 1.000 F9 1.009
A10 1.010 B10O 0.999 ci0 1.002 D10 1.002 £10 0.998 F10 1.011
All 1.000 B11 0.997 cnl 1.003 D11 1.003 E1l 1.007 Fil 1.022
Al2 1.001 - - Cc12 1.004 - - El12 -_ F12 1.015
A13 0.999 - - - - - — E13 1.014 F13 0.991
Al4 0.998 - —_— - - — — El4 1.004 Fl4 1.004
Al5 0.993 - — - - - — - - F15 1.004
Als 0.998 — — - — - — — - F16 -
A7 0.996 - _ — - - - - - F17 1.011
Al8 1.000 — — - - — — - —_ — —
A19 1.003 — - - — — —_ - - _ -
A20 1.003 — — - — - — - — —_ —
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Table B-28. Pressure data for Run 30-5 (GN. injection)
Run 30-5 Re/l in.? 0.427 X 10°
M 2,01 P;, psia 205.6
Pr, cm Hg 110.5 Ty, °F 74
Ps, psia 2.72 P;i/Pr 9.66
Tr, °F 98.0
Pressure P Pressure P Pressure P Pressure Pressure Pressure P
Tap ;; Top T; Tap E Tap -P: Tap E Tap Tg
Al 1.501 B1 1.654 C1 1.520 D1 1.396 El — F1 0.179
A2 1.657 B2 1.548 Cc2 1.590 D2 1.497 E2 - F2 0.276
A3 1.520 B3 1.201 3 1.542 D3 1.454 E3 1.333 F3 0.345
A4 1.142 B4 1.001 C4 1.395 D4 1.355 E4 1.399 F4 0.404
A5 1.001 B5 0.997 c5 1.075 D5 1.154 E5 1.381 F5 0.481
A6 1.010 B6 0.998 Ccé 1.002 Dé6 1.020 E6 1.346 F6 0.526
A7 0.995 B7 0.999 ov4 1.001 07 1.002 E7 1.288 F7 0.641
A8 1.001 B8 1.000 c8 1,001 D8 1.000 E8 1.210 F8 1.239
A9 1.002 B9 0.999 (84 1.001 D9 _ E9 1.116 F9 1.120
Al0 1.010 B10 1.000 ci10 1.003 D10 1.003 E10 1.010 F10 1.006
AN 1.000 B11 0.998 i 1.003 [*3R 1.004 (3R} 1.008 Fu1 1.059
Al12 1.001 - - c12 1.005 - —_ E12 - F12 1.032
Al13 1.000 - —_ - — - — E13 1.014 F13 1.018
Al4 0.998 - - - - —_ — E14 1.006 Fl4 1.019
A5 0.991 — - - - —_ — - - F15 1.016
Alé 0.996 - - bl - - - i fond F16 -
A7 0.995 - - - - - - - - F17 1.013
Al18 1.000 - —_ - - - — o - - —
Al9 1.004 - - - -— - - e - -_ -
A20 1.002 - — - - - — - - - —
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Table B-29. Pressure data for Run 30-6 (GN. injection)

Run 30-6 Re/l, in.? 0.427 X 10°
M 2.01 P;, psia 296.1
Pr, cm Hg 110.6 T;, °F 74
Ps, psia 2.72 P;/Pr 13.9
Tr, °F 98.0
Pressure P Pressure P Pressure P Pressure P Pressure P Pressure
Tap P_s Tap -;: Tap P_a Tap P_g Tap P_s. Tap E
Al 1.662 B1 1.619 Cc1 1.907 D1 1.328 El — F1 0.151
A2 1.680 B2 1.646 Cc2 1.459 D2 1.492 E2 - F2 0.239
A3 1.630 B3 1.505 c3 1.594 D3 1.507 E3 1.278 F3 0.297
A4 1.461 B4 .17 C4 1.542 D4 1.470 E4 1.377 F4 0.350
A5 1.059 B5 0.998 Cc5 1.370 D5 1.374 ES 1.413 F5 0.404
A6 1.010 B6 0.999 Ccé 1.056 Dé 1.190 E6 1.393 Fé 0.446
A7 0.995 B7 0.999 c7 1.003 D7 1.028 E7 1.368 F7 0.496
A8 1.002 B8 1.000 Cc8 1.002 D8 1.003 E8 1.329 F8 0.634
A9 1.003 B9 0.999 c9 1.004 D9 — E9 1.265 F9 1.269
A10 1.010 B10 1.001 cio 1.003 D10 1.004 E10 1.083 F10 1.200
AN 1.001 B11} 0.998 cn 1.004 D11 1.005 EN 1.015 (2B 1.009
A2 1.001 — - Ci2 1.005 - - E12 - F12 1.041
Al3 1.000 — - — - - - E13 1.015 F13 1.030
Al4 0.999 - - — - - - E14 1.007 F14 1.031
Al5 0.993 —_ — - - - - - - F15 1.024
Alé 0.996 —_ - - - - - - — F16 -—_
A7 0.996 — — - - - - - - F17 1.019
A18 1.001 - —_ - - - — - -— —_ —_
A9 1.003 - - - - —_ — - — —_ —
A20 1.002 - - - -— - - - - —_ -
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Table B-30. Pressure data for Run 32-1 (GN, injection)

Run 321 Re/l,in? 0.143 X 10°
M 2.01 P;, psia 3.2
Pr, em Hg 355 T;, °F 70
Ps, psia 0.897 P;/Pr 0.46
Tr, °F 81.5
Pressure Pressure Pressure Pressure Pressure Pressure
Tap E Tap Tg- Tap P—s Tap ?g- Tap —P_s- Tap E
Al 1.230 B1 1.050 cl 1.239 D1 1.107 ] - F1 0.87¢9
A2 1.051 B2 1.023 c2 1.069 D2 1.044 E2 - F2 0.956
A3 1.022 B3 1.025 Cc3 1.029 D3 1.030 E3 1.095 F3 1.000
A4 1.025 B4 1.024 C4 1.026 D4 1.029 E4 1.063 F4 1.029
A5 1.022 B5 1.023 c5 1.025 D5 1.028 E5 1.045 F5 1.023
A6 1.029 B6 1.022 Cé 1.025 D6 1.027 E6 1.035 Fé 1.030
A7 1.019 B7 1.020 c7 1.026 D7 1.028 E7 1.030 F7 1.032
A8 1.018 B8 1.019 cs 1.025 D8 1.030 E8 1.030 F8 1.039
A9 1.021 B9 1.018 c9o 1.022 D9 - E9 1.031 F9 1.035
A10 1.021 B10 1.017 cio 1.025 D10 1.033 El0 1.025 F10 1.029
All 1.021 B11 1.018 Ci 1.023 D11 1.023 E11 1.022 F11 1.018
Al2 1.018 — — c12 1.024 — - E12 - F12 1.011
A13 1.018 - - — — — - E13 1.019 F13 1.019
Al4 1.016 — - - - - — E14 1.018 F14 1.019
Al5 1.011 - — - - - — - - F15 1.030
Alé 1.010 — — - - - — - - F16 —
A7 1.008 - — - - - —_ —_ — F17 1.050
Al18 1.007 - - - - - — - - - —
Al9 1.009 - - — — — - - - - —_
A20 1.007 - — — —_ — —_ — — — —
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Table B-31. Pressure data for Run 32-2 (GN, injection)

Run 322 Re/l, in.? 0.144 X 10°
M 2.01 P;, psia 6.2
Pr, cm Hg 35.8 T;, °F n
Ps, psia 0.906 P;/Pr 0.90
Tr, °F 81.0
Pressure P Pressure P Pressure P Pressure P Pressure P Pressure

Tap P_s Tap E Tap P_s Tap T; Tap T’: Tap ;;,—
Al 1.340 B1 1.075 Ci 1.352 D1 118 El - Fl 0.780
A2 1.072 B2 1.021 c2 1. D2 1.070 E2 - F2 0.907
A3 1.021 B3 1.020 c3 1.032 D3 1.031 E3 1.151 3 0.970
A4 1.021 B4 1.020 C4 1.023 D4 1.023 E4 1.094 F4 1.009
A5 1.0 BS 1.019 C5 1.021 D5 1.023 E5 1.057 FS 1.030
A6 1.024 B6 1.019 Ccé 1.022 D6 1.024 E6 1.037 F6 1.038
A7 1.018 B7 1.019 c7 1.023 D7 1.025 E7 1.028 F7 1.040
A8 1.019 B8 1.016 cs 1.023 D8 1.026 E8 1.028 F8 1.041
A9 1.019 B9 1.015 c9 1.019 D9 - E9 1.028 F9 1.040
A0 1.020 B10 1.016 cio 1.021 D10 1.031 E10 1020 F10 - 1.030
All 1.019 B11 1.017 cit 1.019 pn 1.027 EN 1.016 F11 1.019
A12 1.018 - - 12 1.021 -~ - E12 - F12 1.017
Al13 1.016 - - - - - - E13 1.016 F13 1.020
Al4 1.016 - —_— - - - - E14 1.016 F14 1.019
Al5 1.038 - — - - — —_— - - F15 1.027
Al6 1.009 - - - - - - - - F16 -
A7 1.on - - - - - —_ - — F17 1.049
A8 1.007 - - - - — — - — — -
A9 1.008 - — — - - - - — — —
A20 1.007 - - - —_ —_ — - — - —

89



JPL TECHNICAL REPORT NO. 32-542

Table B-32. Pressure data for Run 32-3 (GN, injection)
Run 323 Re/l, in.? 0.143 X 10°
M 2.01 P;, psia 19.8
Pr, cm Hg 35.6 T;, °F 72
Ps, psia 0.902 P;/Pr 2.89
Tz, °F 80.0
Pressure Pressure Pressure Pressure Pressure Pressure
Tap 7"; Tap Tg Tap P_s Tap E Tap _P;- Taop —P:
Al 1.609 B1 1.263 1 1.569 D1 1.397 El — F1 0.411
A2 1.246 B2 1.059 Cc2 1.346 D2 1.237 E2 — F2 0.548
A3 1.050 B3 1.020 Cc3 1.109 D3 1.094 E3 1.298 F3 0.856
A4 1.021 B4 1.019 C4 1.030 D4 1.035 E4 1.239 F4 1.008
A5 1.021 B5 1.017 Ccs5 1.020 D5 1.022 E5 1.160 F5 0.993
Ab 1.025 B6 1.016 cé6 1.020 Dé 1.022 E6 1.092 Fé 0.987
A7 1.019 B7 1.016 c7 1.021 D7 1.022 E7 1.048 F7 0.998
A8 1.019 B8 1.015 cs 1.022 D8 1.022 E8 1.033 F8 1.029
A9 1.019 B9 1.012 co 1.024 D9 - E9 1.027 F9 1.035
A0 1.020 B10 1.014 Cci10 1.019 D10 1.027 E10 1.016 F10 1.031
Al 1.020 B11 1.016 cn 1.017 D11 1.015 E11 1.0 F11 1.021
A12 1.018 — — c12 1.018 — — E12 — Fi12 1.015
A13 1.018 - - - — - — E13 1.014 F13 1.018
Al4 1.018 - - — - — —_— Ei4 1.007 F14 1.018
Al5 1.012 - —_ -— — — -— — — F15 1.028
Al6 1.01 - — — -— - - - - F16 -
AY7 1.011 — - — - — — - — F17 0.948
Al18 1.011 — - - - - —_ — - - -
A19 1.015 - -_ — —_ — — — - —_ —
A20 1.010 - - - - - - - - - -
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Table B-33. Pressure data for Run 32-4 (GN, injection)

Run 32-4 Re/l, in? 0.142 X 10°
M 2,01 P;, psia 53.7
Pr, cm Hg 35.0 T;, °F 73
Ps, psia 0.890 P;/Pr 7.97
Tr, °F 77.0

Pressure P Pressure P Pressure P Pressure P Pressure P Pressure P
Tap Ps Top Py Tap Py Tep Ps Tap Ps Tap Ps
Al 1.795 Bl 1.648 Cl 1.695 D1 1.546 El - F1 0.258
A2 1.647 B2 1.414 c2 1.630 D2 1.509 E2 - F2 0.330
A3 1.369 B3 1.1 Cc3 1.484 D3 1.409 E3 1.420 F3 0.399
A4 1.088 B4 1.023 C4 1.227 D4 1.245 E4 1.416 F4 0.479
AS 1.021 BS 1.018 Cc5 1.062 D5 1.098 ES 1.380 F5 0.591
Aéb 1.023 B6 1.016 cé 1.024 D6 1.037 E6 1.323 F6 0.794
A7 1.015 B7 1.015 c7 1.020 b7 1.025 E7 1.243 F7 1.061
A8 1.015 B8 1.014 cs8 1.020 D8 1.024 E8 1.157 F8 1.118
A9 1.015 B9 1.012 ce 1.019 D9 - E9 1.089 F9 1.049
A10 1.020 B10 1.012 cio 1.020 D10 1.028 E10 1.026 F10 1.041
All 1.015 B11 1.016 cn 1.016 D11 1.017 E11 1.015 F11 1.014
A12 1.012 - - c12 1.020 - — E12 - F12 1.022
A13 1.013 — - - — - - E13 1.015 F13 1.022
Al4 1.012 —_ -_ — - — —_ E14 0.921 F14 1.021
Al5 1.010 — - — - — —_ - — F15 1.030
Al6 1.008 - - - — - — - — F16 -
A7 1.011 —_ - - - - — - — F17 1.048
A18 1.010 - - — — - —_ - - - -_—
Al9 1.015 - — - —_ - — - - - —_
A20 1.015 - -— - — —_ - - —_ — -
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Table B-34. Pressure data for Run 32-5 (GN. injection)
32-5 Re/l, in.* 0.143 X 10°
2.01 P, psia 107.5
Pr, cm Hg 35.2 T,, °F 73
Ps, psia 0.892 P;/Pr 15.9
Tz, °F 77.0
Pressure Pressure P Pressure Pressure Pressure Pressure
Top P_s Tap ?.; Tap P_s‘ Tap E Tap E Tap E
Al 1.991 B1 1.748 A 2.187 D1 1.484 E1 - F1 0.182
A2 1.800 B2 1.718 C2 1.619 D2 1.588 E2 - F2 0.246
A3 1.721 B3 1.552 c3 1.681 D3 1.570 E3 1.396 F3 0.298
A4 1.523 B4 1.221 C4 1.596 D4 1.519 E4 1.470 F4 0.33¢9
AS 1.170 BS 1.049 c5 1.417 D5 1.423 E5 1.475 F5 0.378
Aéb 1.040 B6 1.021 Cé 1.157 D6 1.262 E6 1.453 Fé6 0.424
A7 1.019 B7 1.017 c7 1.045 D7 1.109 E7 1.423 F7 0.474
A8 1.018 B8 1.018 [&:] 1.025 D8 1.045 E8 1.381 F8 0.694
A9 1.019 B9 1.016 co 1.021 D9 - E9 1.318 F9 1.180
Al0 1.019 B10 1.018 C1o 1.024 D10 1.031 E10 1151 F10 1.229
Al 1.020 811 1.019 cn 1.020 bl 1.030 El1 1.041 F11 1.114
A12 1.018 — — Cc12 1.022 —_ — E12 - F12 1.069
A13 1.018 — - — —_— - — E13 1.019 F13 1.044
Al4 1.018 - - - - - - E14 1.021 F14 1.049
Al5 1.011 - - - — - - - - F15 1.050
Al6 1.010 - - - - - - — - F16 -
A7 1.012 - - - - - - - - F17 1.044
A8 1.012 - - - - - - - - - -
A19 1.019 - —_ —_ — - — - —_ —_ —
A20 1.018 - — - — - - - - - -
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Table B-35. Pressure data for Run 32-6 (GN, injection)

Run 32-6 Re/l,in.? 0.145 X 10°
M 2,01 P;, psia 217.5
Pr,em Hg 35.6 T, °F 73
Ps, psia 0.902 P;/Pr 3.7
Tr, °F 77.0
Pressure P Pressure P Pressure P Pressure P Pressure P Pressure

Tap 7; Tap —P: Tap E Tap -P:: Tep P_s Tap ;:
Al 3.200 B1 1.615 al 3.145 Dt 2131 El - F1 0.152
A2 1.591 B2 1.723 c2 1.792 D2 1.452 E2 - F2 0.176
A3 1.820 B3 LN c3 1.554 D3 1.516 E3 1.814 F3 0.219
Ad 1.798 B4 1.694 C4 1.712 D4 1.603 E4 1.487 F4 0.251
A5 1.690 85 1.522 c5 1.674 D5 1.577 E5 1.369 F5 0.282
A6 1.475 Bé 1.191 Cé 1.601 D6 1.545 E6 1.451 Fé 0.310
A7 1.141 87 1.034 7 1.451 D7 1.482 E7 1.470 F7 0.344
A8 1.022 B8 1.007 Cc8 191 D8 1.375 E8 1.453 F8 0.419
A9 1.018 B9 1.005 c9 1.041 D9 - E9 1.439 F9 0.505
Al0 1.017 B10 1.005 c10 1.007 D10 1.012 E10 1.377 F10 0.591
ANl 1.017 811 1.006 cn 1.007 D11 1.001 Ell 1.272 F11 1.090
A12 1.0n - - 12 1.005 — - E12 - F12 1.260
Al13 1.011 - - - - — — E13 1.020 F13 1.129
Al4 1.0Mn - - - - - - El4 0.987 F14 1.072
Al5 1.010 - —_ - - - - — — F15 1.074
A6 1.009 - - — - - - - — F16 -
A7 1.011 —_ —_ — - —_ - - - F17 1.077
AlB 1.011 — -_— - -_ -_— _ - -— -—_ —
Al19 1.017 - - - - - — - — - —_—
A20 1.017 —_ - — - —_ - - - —_ —_
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Table B-36. Pressure data for Run 32-7 (GN. injection)

Run 327 Re/l, in. 0.141 X 10°
M 2.01 Pj, psia 256.4
Pr, em Hg 347 T;, °F
Ps, psia 0.879 P;/Pr 38.4
Tr, °F 77.0
Pressure P Pressure P Pressure Pressure Pressure P Pressure
Tap P_s Tap P—,q Tap E Tap I—’: Tap E Tap 7’;
Al 3.700 B1 2.045 C1 3.499 D1 2.641 3] — F1 0.143
A2 1.951 B2 1.536 C2 2.326 D2 1.775 E2 - F2 0.159
A3 1.592 B3 1.811 c3 1.470 D3 1.414 E3 2.158 F3 0.189
A4 1.847 B4 1.793 C4 1.659 D4 1.577 E4 1.772 F4 0.221
A5 1.810 BS 1.723 Cc5 1.747 D5 1.649 E5 1.473 3] 0.247
Ab 1.718 B6 1.556 cé 1.714 Dé 1.629 E6 1.395 Fé 0.266
A7 1.520 B7 1.253 c7 1.654 [s74 1.603 E7 1.484 F7 0.300
A8 1.173 B8 1.055 cs8 1.524 D8 1.554 E8 1.516 F8 0.368
A9 1.035 B9 1.016 c9 1.278 D9 — E9 1.504 F9 0.435
Al10 1.019 B10 1.016 C10 1.029 D10 1.067 E10 1.473 F10 0.497
All 1.019 B11 1.019 cn 1.018 D11 1.032 ET 1.417 F11 0.555
A12 1.014 - — ci12 1.023 — - E12 - F12 1.228
Al3 1.015 —_ - - — — — E13 1.166 F13 1.268
Al4 1.015 - — - - - — E14 1.052 F14 1.169
Al5 1.011 - - — — — — —_ — F15 1.112
Alé 1.009 — — — - - —_ — — F16 -
A7 1.011 —_ - — — — — - - F17 1.101
Al18 1.010 —_ - - - - — — — - —
Al19 1.016 - — — -_ — - — - - —
A20 1.014 - — - —_ —_ — —_ - - -
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NOMENCLATURE

¢, average specific heat between ¢, and ¢,

C, pressure coefficient in separation zone
Sz

hyg, heat of vaporization at surrounding pressure
M  Mach number
P local static pressure

P.,;» maximum observed plate static pressure from pressure distribution
curves

P; injection pressure

Ps tunnel static pressure

(7)13;) . ratio of local static pressure to tunnel static pressure in separation zone
Pr tunnel total pressure
P., vapor pressure corresponding to injection temperature
Re/l Reynolds number per unit length in free stream
Reg  Reynolds number at separation point
t, equilibrium temperature corresponding to the surrounding pressure
t, injection temperature
x percentage flash vaporization
w, flow rate based on injector calibration
wym flow rate measured by turbine flowmeter
AW (W, = Wim)

y ratio of specific heats
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